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ĤBRARY 
Printed for the use of the Committee on Interior and Insular Affairs 

U.S. GOVERNMENT PRINTING OFFICE 

41-737 O WASHINGTON : 196B 



COMMITTEB ON INTERIOR AND INSULAR AFFAIRS 
H E N B T M, JACEBON, WasUnston, dutbvun 

CLINTON P, ANDERSON. New Mezloo 
ALAN BIBLE, Nevada 
FRANK CHUBCH, Idabo 
ERNEST OBUENINO, Alaska 
FBANE E. MOSS, Utah 
QUENTIN N, BUBDICE, North Dakota 
CABL HAYDEN, Ariiona 
OEOBOE McOOVEBN, Sontb Dakota 
OAYLOBD NELSON, Wisoonsin 
LEE METCALF, Montana 

THOBiAS H, KUCHEL, CalKornta 
OOBDON ALLOTT. Colorado 
LEN B. roSDAN. Idaho 
MILWABD L, BDIPSON, Wyomlne 
P E T E B H, DOMINICK, Colorado 

JxBBT T. VsBKLKB, Staff Dittdor 
STXWAST FaSNCB, Okie/ GOHDMI 



MEMORANDUM FROM THE CHAIRMAN 

To Members of the Seruite Committee on Interior and Insular Affairs: 
I am transmitting for your information a report entitled "Mineral 

and Water Resources of New Mexico," prepared by the U,S, Geolog­
ical Survey at the request of our coUeague, Senator Clinton P. 
Anderson. 

This detailed survey will be particularly helpful to govemment and 
business leaders in New Mexico, I t wiU also be valuable to the Con­
gress and members of this committee as we consider legislation regard-
mg mineral and water development. 

HEITBT M , JACKSON, Chairmxin. 
m 



FOREWORD 

This report was prepared at my request by the U,S, Geological 
Survey in collaboration with the New Mexico Bureau of Mines and 
Mineral Resources, the New Mexico State Engineer Office and the 
New Mexico Oil Conservation Commission. 

Its purpose is to make all significant data on New Mexico's im­
portant mineral and water resources available to interested citizens, 
to professional personnel in mining and water development, and to 
govemment, civic, and industrial leaders, I think that purpose has 
been well met, 

I wish to thank all of those both in New Mexico and the Geological 
Survey who have contributed to the making of this report, 

CLINTON P , ANDERSON, 
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LETTER OF TRANSMITTAL 

U.S. DEPARTMENT OF THE INTERIOR, 
OFFICE OF THE SECRETABT, 

Washington, D.C, January 13,1965. 
Hon. CLINTON P. ANDERSON, 
UJS. Senate, 
Washington, D.C. 

DEAR SENATOR ANDERSON : We have forwarded to your office a sum­
mary report on the mineral and water resources of New Mexico, which 
was prepared in response to your request of July 8,1964, to the Geo­
logical Survey. 

The report was prepared by the Geological Survey in collaboration 
with the New Mexico Bureau of Mines and Mineral Resources, the New 
Mexico Oil Conservation Commission, and the New Mexico Engineer 
Office, We enjoyed extremely close support from the different col­
laborating State agencies and are grateful for their assistance. 

We hope the report will provide information of use to you and to the 
people of New Mexico in general. 

Sincerely yours. 
STEW ABT L, UDALL, 

Secretary of the Interior. 
2 
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INTRODUCTION 

(By G, O, Bachman, U,S. GSeological Survey, Denver, CJolo,) 

This report summarizes the inineral and water resources of New 
Mexico. The use, manner of occurrence, distribution, and outlook for 
all known mineral commodities in the State are discussed in separate 
chapters. Where available, statistics on the production of mineral 
commo(Uties are summarized. In an introductory section the mineral 
industry and the geology of the State are outlined briefly. 

The purpose of this report is to present an objective appraisal of 
I the resources of New Mexico based on information now available, al-
I though new (Uscoveries and changes in economic conditions may alter 
^ some of the conclusions reached Treatment of each commodity is 
i necessarily brief but comprehensive bibliographies are included for 

the convenience of those who may wish to inquire further into the 
mineral and water resources of New Mexico, 

' In this report the term "resources" applies to materials in the 
ground that are known to be minable; materials that may come into 
demand and become minable in the future; and water. "Reserves" are 
materials that may or may not be completely explored but may be 
quantitatively estimated and are consi(iered to be economicaUy ex­
ploitable at the time of the estimate. Reserves fluctuate because they 
are dependent on economic conditions, technologic factors, and avail­
able information. A low reserve figure does not necessarily mean that 
the resource is near exhaustion. I t may indi(^ate exploration is lack­
ing or that a depressed market has lowered the value of the commodity 
to the point where the material can no lon^ r be considered economi­
caUy exploitable, "Ore" is mineral material that may be mined at a 
profit ''Protore," used in some parts of this report, is a mineral 
material that may not be mined at a profit under present economic 
or technologic conditions. 

This report was compiled by members of the U,S, Geological Survey 
in cooperation with other Federal and State agencies. Members of 
the staff of the New Mexico Institute of Mining and Technology, State 
Bureau of Mines and Mineral Resources, contributed chapters to the 
report and cooperated in the search for data. Staff members of the 
New Mexico Oil Conservation Commission contributed discussions 
and statistics on the petroleum industry in the State, The New Mexico 
State Engineer Office c<x)perated in preparation of the section on water 
resources. Some chapters in this report have been prepared by per­
sonnel of the U,S, Bureau of Mines. Mr, George O, Bachman, U.S. 
Geolo^cal Survey, assenabled the various sections of the report and 
coordinated efforts of the individual authors. Unless otherwise stated, 
statistical data used in the report have been compiled by Margaret 
Dunbar of the Bureau of Mines and Ruth Wilson of the Geological 
Survey under the direction of D. H. MuUen, U.S. Bureau of Mmes, 
Mineral Resources Office (Statistics). 

11 
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MINERAL INDUSTRY IN NEW MEXICO 

(By G, 0. Bachman, U.S. (Seological Sarrey, Denver, (3olo,) 

In 1962 New Mexico ranked seventh among aU the States in annual 
production of inineral resources and first among the States of the 
Rocky Mountain region. Durinj§^ this year New Mexico contributed 
3.58 percent of the total domestic ininerals produced in the country. 
The mineral resources that contributed chiefly to this wealth are petro­
leum, natural gas and related products, uranium, potassium salts, and 
copper. New Mexico ranks sixth among the Nation's oU- and gas-
producing States, first in production of uranium and potassium salts, 
and third in the production of copper. 

The total value of mineral resources produced in New Mexico for 
the 58-year period 1905 through 1963, for which accurate records are 
available, is $9,083.8 miUion. To this total may be added an estimate 
of $26.7 miUion in mineral production from the earliest mining to 
1904 (Jones, 1904, p. 346) thus makmg a ffrand total of $9,110.5 mU­
lion for aU known mineral production in New Mexico through 1963. 
About 88 percent of this amount, or $8,158.7 million, has been produced 
since 1940. Figure 1 shows the aimual doUar value ^ of mineral pro­
duction from 1905 to 1963 and Ulustrates the growth of the industry 
in the State. Figure 2 shows the percentages of the principal mineral 
commodities produced in New Mexico in 1963 whose value totaled 
$686.8 miUion. 

Gec^aphicaUy, the greatest mineral wealth produ(;ed in New Mex­
ico during 1963 came from the San Juan Basm in the northwestem 
part of the State and the Delaware basin in the southeastem part. 
The combined value of crude petroleum, natural gas, uranium, and 
coal from the San Juan Basin, and crude petroleum, natural gas, and 
potash salts from the Delaware basin was about $599 million. The 
next most significant production figiire was that of the southwestem 
part of the State where the production of copper and asstxjiated min­
erals was valued at about $59 miUion. The value of other mineral com­
modities produced throughout the State during 1963 was over $28 
miUion." 

The search for minerals of economic value in the area that is now 
New Mexico b ^ a n more than 400 years ago. Rumors of mineral 
wealth resulted in the first major exploratory expedition in New Mex­
ico in 1540. That expe(Ution, under the command of Francisco Vas­
quez de Coronado, retumed disappointed to Mexico in 1542; but it was 
followe(i by other explorers, missionaries, adventurers, and finaUy by 
settlers in search of permanent homes. 

Records of development of mineral resources during the colonial 
period from the late 16th to the early 19th centuries are meager. 
Twitchell (1916, vol, I, p. 1, 2) listed an archive pertaining to the 
registration of a mine "in the little mountain caUed Fray Cristobal" 

* Dollar value ia tbe amount in doUars reported lor tbe year of prodactlon. 
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14 MINERAL AND WATER RESOURCES OF NEW MEXICO 

in 1685. Twitchell stated that this mine was "probably situated west 
of the present town of Engle, Sierra County, N. Mex." The mine 
was nrobably not worked as it was registered durmg the period of 
the Pueblo Revolt, Numerous registrations of other mines during 
the Colonial period are recorded. Vaguely worded registrations of 

7 0 0 r 

600 

«n 500 
ac 
< 
_ i o o 
u. 
O 

to 400 

z 

3 0 0 

< 
> 

2 0 0 

IOO 

Totol value of a l l . 
mineral resources 

Other 
mineral 

Y E A R 

FiQUBE 1.—Value of mineral resources produced in New Mexico, 1905-63, 

mines as well as misinterpretations of some colonial reports have re­
sulted in a colorful literature of rich, "lost" Spanish mines. 

Some prospecting was reported done in the area that is now New 
Mexico in the 17th and 18th centuries, but there is little evidence of 
extensive mining in New Mexico during Spanish colonial time. The 
Spanish word mina, as used in colonial reports and documents, may 
be translated as "mineral occurrences" and "prospects" as well as 
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"mines," Northrup (1959, p. 12) has pointed out that the more opti­
mistic translation of the term mina to mean "mines" may have stimu­
lated the search for these "mines" and thus may have been respon­
sible for the (Usc!overy of valuable niineral deposits by later pros­
pectors. 

Some smaU-scale mining in Santa Fe County was carried out in the 
17th century. Salt deposits in the Estancia VaUey, Torrance Coun­
ty, were developed in the 17th and 18th centuries. This salt was 
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FiGUBE 2.—Percentage of total mineral resource prodactlon in New Mexico, 
1963, 

carried by wagons and pack animals to the sUver mines in Parral, 
Mexico, where it was used in the primitive "patio" metallurgical 
process for the extraction of silver from ore. Mica was used for 
window panes. The first major mine was opened in the area that 
is now New Mexico in about 1804 near the present Santa Rita mine. 
Grant Coimty. 

Extensive prospecting was conducted in the State in the late 19th 
century and it was during this period that most of the major min-
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ing districts in New Mexico were discovered. Major deposits of 
uranium, however, were not discovered untU after 1948 when the 
demand for uranium that developed during and after World War 
I I was the incentive for prospecting for this metal. 

Although the State was prospected extensively during the late 19th 
and early 20th centuries, new tools that are now available to the 
modem prospector have essentiaUy reopened the field to further work 
that could lead to major new discovenes. The science of geophysics 
with its newly developed instruments for use in the air and on the 
groun(i has become much more sophisticated and highly specialized. 
Geochemical prospecting is a rapi(Uy developing and practical field 
technique for the detection of small, but of anomalous amounts of 
metals in soU, water, and plants. Isotope chemistry and physics. 
X-ray and spectroscopic analysis, highly sensitive chemical techniques, 
and other refined laboratory methods make possible the more accurate 
identification and quantitative determination of trace amounts of ele­
ments that may give clues to the location of undiscovered ore deposits. 

Hie future of mineral resources production is dependent on con­
tinuing demand, discovery, exploration, and development. As indi­
cated in numerous chapters in this report, development of many of New 
Mexico's resources is increasing. With the increased use of coal in 
the production of electricity, the coal industry wiU probably continue 
to expand. On the other hand, the future of the uranium industry is 
less predictable at present. Uranium production wUl be regulated by 
govemment purchases through 1970, Beyond 1970 the production of 
uranium will depend on industrial demand or continued govemment 
purchase. The growing demand for silver and other metals, along 
with new uses for many minerals by modem technology, indicates 
that exploration for these resources will increase. 

Of all the natural resources of a state or a nation, none is probably 
more important than water, but also, none is more difficult to evaluate 
in terms of dollars and cents. I t is significant to note that New Mex­
ico occupies a unique and pioneering position in the use of its water 
resources. As stated by McGuinness (1963, p. 558), New Mexico was 
among the earliest States "to be explored and settled, and hydrologi­
cally too it was among the pioneers. The U.S, Geological Survey 
learned how to measure streamflow at an experimental camp set up 
at Embudo, on the Rio Grande halfway between Santa Fe and the 
Colorado line, late in 1888 after the Congress appropriated money for 
an irrigation survey of the arid lands and thus added water resources 
investigations to the Survey's responsibilities (Dutton, 1890, pp. 
78-79), Some of the classical work of Slichter (1905 a, b) on esti­
mation of ground water flow was done in the Rio Grande valley in 
New Mexico and Texas, in the vicinity of El Paso, The Survey's in­
vestigation, in cooperation with the State Engineer and Chaves and 
Eddy Counties, of the ground water resources of the Roswell artesian 
basin (Fiedler and Nye, 1933) was one of the pioneer quantitative 
groimd water studies. I t led directly to enactment of the New Mexico 
ground water law of 1927 and 1931, which was the earliest of its kind 
and has served as a model for similar laws in several other States 
(National Resources Planning Board, 1943, pp. 76, 123, 133-134; 
Hutchins, 1955b, p, 47), The Rio Grande Joint Investigation * * * 
was the first interstate planning study of its type." 
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The study of the water resources of the State is a continuous process, 
Streamflow data are coUected at 193 sites. Reservoirs are monitored 
at 16 sites. Daily chemical-c[uaUty records are maintained for 17 
sites and daily suspended sediment samples are coUected at 21 sites. 
In addition to this work, Icxi&l and regional water resource studies are 
in progress. 
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TOPOGRAPHY AND GEOLOGY 

(By C. H, Dane, U.S, Geological Survey, Washington, D,C., and G, O, Bachman, 
U,S, (Jeological Survey, Denver, Colo,) 

TOPOGRAPHY 

New Mexico is the fifth largest State in the Union, including an 
area of 121,666 square mUes of extraordinary diverse terrain, ooth 
topographically and geologicaUy. The total topographic relief within 
the State boimdaries is more than 10,000 feet. The highest point, 
Wheeler Peak, 30 mUes south of the Colorado border in the Sangre de 
Cristo Mountains, reaches an altitude of 13,160 feet; the lowest point, 
Red Bluff Reservoir on the Pecos River along the southem boundary 
of the State, lies somewhat less than 3,000 feet above sea level. By 
far the largest part of the area of the State, however, lies at altitudes 
of between 5,000 and 10,000 feet above sea level. Between one-quarter 
and one-third Ues below 5,000 feet, principally east of a diagonal line 
extending irregularly northeastward from the vicinity of Carlsbad to 
the Oklanoma boimdary in the northeast comer. Other large areas 
below 5,000 feet include the valley of the Rio Grande from the southem 
boimdary north to a short distance north of Albuquerque, the Jomada 
del Muerto and Tularosa VaUey, and some thousands of square miles 
of similarly aggraded plains in the southwestem part of the State, 

About 1,(KX) square miles of area rise above the 10,000-foot contour. 
This includes chiefly peaks in the Southem Rocky Mountains in the 
north-central part of the State, particularly in the Sangre de Cristo, 
Cimarron, San Juan, Jemez, and San Pedro Mountams, Smaller 
areas of more than 10,000 feet altitude occur on Mount Taylor, the 
Sandia and Manzano Mountains in the central part of the State, and 
on the Magdalena, San Mateo, Capitan, and Mogollon Mountains and 
the Black Range and Sierra Blanca in the southem part (fig, 3). 

Topographically (he State can be divided into three prmcipal di­
visions, the Great Plains province of about the eastem one-third, the 
Intermontane Plateaus comprising most of the remainder, and the 
Southem Rocky Mountains including a relatively small portion of 
the north-central part (fig, 4). The boundaries between these di­
visions and between the subdivisions of those to be described are transi­
tional and in places necessarUy somewhat arbitrary. They do, how­
ever, represent distinctive terrains that are related to the bedrock 
geology and to the geologic history of the State, 

The Great Plains Province mcludes: {a) the High Plains, exten­
sive, smooth, high level, fluviatile plains, only slightly dissected in 
any area within the State, (J) the Pecos VaUey, late mature to old 
plains, somewhat younger and at lower levels than the High Plains, 
and {c) the Raton Section, a considerably more varied area than the 
others, but in general a trenched or deeply eroded peneplain sur­
mounted by dissected lava-capped plateaus and buttes. The Inter­
montane Plateaus of the westem part of the State have been divided 

19 
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FiGTJBE 3.—Generalized relief map of New Mexico, Line pattem shows areas 
above 10,000 feet in altitude; gray, areas below 5,000 feet in altitude. 

into two provinces, the Colorado Plateaus in the northwest and the 
Basin and Range Province in the southwest and central part of the 
State, The Colorado Plateaus include the Navajo section of the Can­
yon lands, chiefly young but canyoned plateaus of moderate relief 
and the Datil section to the south, including laval flows, complete or 
in extensive remnants, volcanic necks, and other extrusive and intru­
sive rock masses. The Basin and Range Province also includes two 
sections within New Mexico, the Mexican Highland, including isolated 
ranges (largely dissected block mountains) separated by aggraded 
desert plains and the Sacramento section, mature block mountains of 
gently tilted strata, block plateaus and bolsons. 

The Southern Rocky Mountains Province includes only a relatively 
small part of the State along its northem border and is generally con­
sidered as terminating to the south at the southem end of the Sangre 
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de Cristo Range and the Nacimiento Mountains. Nevertheless, the 
generaUy meridional trend of these mountains is continued southward 
to the southem border by a succession of ranges of not greatly disr 
similar geologic features. These ranges include the Sandia, Manzano, 
and Los Pinos Mountains; the Fra Cristobal and CabaUo Mountains; 
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FiouBE 4,—^Physical divisions of New Mexico, (A, Southern Rocky Moontains; 
Bl, Colorado Plateaus, Navajo section; B2, Colorado Plateaus, Datil section; 
Cl, Basin and Range province, Mexican highland; C2, Basin and Range prov­
ince, Sacramento section; Dl, Great Plains province, Raton section; D2, Great 
Plains province, High Plains; D3, Great Plains province, Pecos Valley, (Fen­

neman, 1962,) 

the Oscura, San Andres, Organ, and Franklin Mountains; and Sierra 
Blanca and the Sacramento Mountains (fig, 5), These ranges, though 
separated by much wider deeply alluviated valleys, in the aggregate 
form a belt 50 to 100 miles wide from east to we^ that exten(& from 
the northem to the southeni boundary of the State and in a broad 
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way divides the plateau, lava, and canyon lands in the westem part 
of the State from the plains and areas of generally lower topographic 
relief of the eastem part. 
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GEOLOGY 

The rocks exposed in the ranges, mesas, and plateaus and concealed 
beneath the alluviated plains and desert basins record a long and 
infinitely varied geologic history. At times nearly all the State was 
submerged beneath shallow seas. At other times much of the State 
stood above the level of the sea and the previously formed rocks were 
eroded and transported to other areas. During some ages great deserts 
of wind-blown sand swept across the State; and, at Other times, areas 
marginal to extensive seas were vast evaporting pans in which thick 
deposits of gypsum or other salts crystallized from the concentrated 
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I 
^ brines. At stiU other times river and flood-plam deposits rangmg 
* from great boulders and coarse gravel, to fine sand, and to clay were 

gtrewn thickly over wide surfaces above the level of the sea, and exten-
give swamps "bordering the seas accumulated thick beds of decaying 

r plant detritus that subsequently were compressed and modified into 
IcoaL At times too, molten rock from the depths of the earth forced 
tits way into the already consoUdated sedimentary rcwks, or burst 
^through to the earth's surface as volcanos, which distributed wind-
S blown ash or emitted great dieets of lava. Many of these widely 

I varied rocks contain nuneral resources of economic value. The dis-
; tribution and value of mineral resources are understood most ade­
quately through a fuUer understanding of the geologic processes that 
created them. The rocks that record the history of thiese processes are 
briefly described in the foUowing pages. The generalized geologic 
map (fig. 6) shows the distribution of some of these rocks as they are 

f exposed on the surf ace today. 
f.' Bocks of every geologic system into which strata have been classified 
' in the United States crop out within New Mexico and are extensively 

distributed in the subsurface, where they have been encountered by the 
thousands of wells that have been driUed for oil or gas (tables 1-4). 
The rocks belonging to aU but the oldest category are dominantly, 
though not exclusively, sedimentary rocks. That is, they were depos­
ited as sediments by rivers, wind, or ocean currents and subsequently 
consolidated into bedded layers of rock. Much of this volume of sedi­
mentary rock is distinguished by the presence, in greater or lesser 
amounts, of organisms of varied kinds, the fossil remains of past life, 
by means of which the containing rocks can be recognized, correlated 
from place to place, and placed in order of relative age by their super­
position in orderly sequences. 

PSEGAMBBIAK BoCKS 

The oldest rocks in New Mexico are classified simply as Precambrian. 
Fossils are not present in these rocks and they can be subdivided only 
on the basis of rock type or absolute age. In some areas these roc^ 
have been studied in detaU; but, as they have not been studied region­
aUy over the State, only generalizations may be made about their 
age and relationships. 

Precambrian rocks form the floor on which subsequent sequences of 
rocks were deposited. These foundation rocks are commonly referred 
to as "basement rocks" or simply as "the basement". Many of these 
very old rocks have been intensely deformed and altered. Some have 
been recrystaUized into new combinations of minerals or metamor­
phosed in other ways. Precambrian rocks in New Mexico now consist 
of quartzite, schist, gneiss, granite, and many other rock types. 

Precambrian rocks crop out only in a small fraction of the area of 
the State, most extensively in the liigher parts of the Sangre de Cristo, 
Cimarron, San Juan, and Nacuniento Mountains in the north-central 
partof the State, They also are present in considerable areas of the 
uplifted cores of meridional ranges that transect the State from south 
to north, and in many smaller areas, some only a few acres in extent, 
scattered throughout the southwestem part of the State, Precambrian 
rocks do not crop out east of a diagonal line extending northeastward 
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TABI£ 1.—Nomenclature of principal formations in northwestern New Mexico 

O«ologle tl«e units 

Quaternary 

Tertiary 

DBsaSZ iznisi 
Foraatlon* 

P le l toeene Gravel, wnd, elay and TO1''«"<' ' ^tTOtlta 
Flloecne' 
Miocene 
OIl«oee 
Boeene 

Paleocene 

Santa re 

Pro™ 

'̂>M,N̂  Sandatone 

May be present (T) 
Oallstao ForiMtlca (Bocese and questionably Oligocene); 
Baea ypraatlon (questionably Boeene^: San Joag >nrTtloi 

•aelalento Pbraatlon; Anlaaa roraatlon r Cretaceous 
ieoccncT 

B 
O 

B ir. 

Ol 

Cretaceous 

OJo Alaao Sandstone 
NeSsiBott Fonatiott 
Kirtland Shale aad Fruitland Fi 
Pictured CUffs flanrt stone 
Lewis Stale 

tion 

CUff Bouse Sandstone 
Menefee Foraatlon 
Foist Lookout Sandstone 
Crevaase Canyon Fbraatlcn 
Qallig Sandstone 

All of tbe 
Mesaverde Group 

Mueos Shale 
Dakota Sandatone 

Jurassic 

Morrison Foraatlon « 
Bluff Sandstone £ B , 
SiiiinlUi FoiHitlonjg 
TodUto Foraatlon -o 
Bntrada Sandstone S. 
Glen Canyon Group 
Vln^te aandstone 

Chinle Foraatlon 

Zuni Sandatone 

Trlassie 

^ 
Feialan 

S m Andres Llaestone 
Olorieta Sdadtone 

Yeso Foraatlon 
Abo Foraatlon 

o 

H 

•A 

Pennsyl«aalan 
Madera F< itlon 

Sandla Forwtlon 

Cutler Fl 
Rico Fon 

Ltlon 

tion 

Beraosa Foraatlon 

Paradox Nsaber 

Molas Foraatlon 

Mississippian Arroyo Fenasco Foraatlon 

SeTonlan" 

Present in subsurface (includes 
the leadnue Llaestone) 

Present in sxibsurface Ouray Llaestone 
Includes the Elbert For^tloo 

Silurian 

OrdOTlcian 
Absent 

Absent 
Coabrian 

••VMClkbrlan l i bUlian' 
^r^—iot in subsurface Includes the Ignacio juartalte 

yiars J . ) I Granite, quartiite, pe^atltosT Tti 
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TABLE 2,—Nomenclature of principal formations in northeastem New Mexico 

?• .li 

• 

3g 

Geologic tlae units 

Recent 

Pleistocene 

P U 

Foraations 

AUuTiiB, other surf ic ia l depoalta, and scae TOleanlc deposits 

Gravel, saod, ra l i rhf and TOleanlc deposits 

Santa Fe 
Qio<9 

011«ocene (T) 

Itnnnig 

Paleocene 

Cretaceous 

Ogallala Fomatiao 

GaUsteo Foraatlon and otber local foraations 

Poison canyon m f 
-Raton Fbraatloo— 

ation 

Verae^ Foraatlon 
Trinidad Bandatone 
Pierre Sbale 
llobrara Foraatian 
Carlllc Shale 
GreeBboin Uasstone 
Qraneros Shale 
Dakota Sandstone 
Purgatoire Formticn 

Juraaslc 

Morrison Foraatlon 
Si^aerTlUe Foraatlon 
TodUto Llaestone 
Bntrada Saikdstone 

Triassic 
Dockia Group 
Chinle Foiaation 

Santa Roaa Sandstooe 

Peraian 

Artesia Foraatlon 
Sen Andres LiaBBtone 
Glorieta Sandatone 
Teso Foraatlon 

Permian and Pennsylvanian Sangre de Cristo 

Pemsylvanlaa Madera Llaestone 
Sandia FOraati^ 

Mississippian 

SeroDlan 

Caabrian 

Tererro Foiaation 

Bsplritu Santo Foiaation 

Absent 

Abeent 

Precaabrlan (3 bilUon years_/. Granite, diorite, otber plutonic rocks, schist, 
quartslte, and pe^atites. 
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TABLE 3.—Nomenclature of principal formations in southwestern New Mexico 

Geologic tlae unit* Foraations 

m 

t 
as 

>1 

1 
1 
1 
k* 

s 
i 
c u o 

O H 

^^ 

o 

w 

_J 

Recent 

Pleistocene 

PUocene 

Miocene 

OUgocene 

Eocene 

Paleocene 

Cretaceous 

Jurassic 

Triassic 

Peraian 

to 
3 
O 
u 
& 
C 

5 

Peansylvaalon 

Mississippian 

Devonian 

SUurlan 

OrdoTlclaD 

Or dorlcias and Caabri* 

AUuvliB, other surficial deposits and volcanic rocks 

Giavei and volcanic rock* 

Santa Fe 
Grovq) 

Gila 
Congi narrate 

DatU Foraatlon and associated 
volcanic rock* 

Msy be present (T) 

Baca Foiaation of questionable Eocene age 

Rot recognised (T) 

Mesaverde Group Includes sone volcanic rock* 

Maneo* Shale Colorado Shale 
Dakota Sandstone Sarten Sandstone & Beartooth Quartzite 

Bisbee Groiqi: 
Includes a sequence of conglonerate, sandstone, volcanic 
roeks, etc. aore tl»n 10,000 feet thick in extreae 
soutbifestem Hew Mexico. 

Absent 

Present in northem part of region 

Concha Foraatlon 
Scherrer Foraatlon 
CoUna Llaestone 
Earp Foraatlon 

San Andres Llaestone 
Glorieta Sandatone 
Teao Foiaation 
Abo Foiaation 
Bursta Foraatlon 

BorqulUa Foraatlon — tkgdaleaa Group 

Lake VaUey LlBestone 
Escabrosa Llaestone 

KeUy Llaestone 

Percha Shale (and other local foraations) 

Fuaselaan Doloaite 

Montoya Dolmlte 
El Paso Foiaation 

n Bliss Sandstone 

Precaabrlan (3 blUlon years - / ) . Granite and associated rocks. 
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TABLE 4. Nomenclamre of principal formations in southeastern New Mexico. 

Foraatloos 

AUuviuB and other surficial deposits 

Gravel aad associated deposits 

Probably present (T) 

Hot recognised 
Rot recognised (T) 
Hot recognised (T) 

Mesaverde Groiq) 

Mancos Sbale 

Dakota Sandstone (T) 

Absent 

DockuB Group 

s. 
iig 
S:J 
O M 

•̂ 1 
s 
l/\ 

m 

o 
tl 

& 
a 

s 

Peraian 

Mississippian 

Devonian 
Silurian 

Ordovician 

Drdovl 

Preeaa 

clan and Caabrlan 

brlan (3 blUlon yeart 

Dewey lake Redbeds 
Rustler Foraatlon 
Salado Foraatlon 
r.«iit.l1(« Fnrafttiop 

A U of the 
Artesia Group 

San Andres Llaestone includes 
the Hondo Sandstone Meaber 

Yeso Foraatlon 
Abo Foraatlon 
BursuB Foraatlon 

TsnslU Foraatlon 
late* Foraatlon 
Seven Rivers Foraatlon 
liueen Foraatlon 
Grayburg Foraatlon 

Cutoff Bbale 
Victorio Peak Llaestone 

Bone Spring Llaestone 
Hueco Uaestone 

Includes aany foraations and inforaally naaed tones in tbe 
subsurface 

Lake VaUey Llaestone "Mississippian Uae' of subsurface 
and other local foraations 

Percha SiAle 
Fuaselaan Doloaite 

Woodford Sbale of subsurface 
"Devonian" of subsurface 

Montova IteloBlte 
Slnpson Foraatlon o 
El Paso Foraatlon^ 

Bliss Sandstone 

_/• 

' subsurface 
EUenburge r Foraatlon of subsurface 

Granite and associated rock*. 

41-737 0—65 
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from El Paso, Tex., to Raton, nor in the San Juan Basin in the north­
westem part, nor in the central part of the DatU volcanic area of the 
sourfiwest part of the State. 

The exposed Precambrian rocks do not show a distinctive general 
pattem of distribution. Somewhat more of a pattem is displayed by 
the distribution of these rocks where encoimtered in drUled weUs. 
Although more than 500 wells have reached Precambrian rocks, more 
than 2(W of these are in eastem Lea County. The distribution of the 
remainder is sparse in many parts of the State. Nevertheless, these 
weUs show that granite underlies much of the northeastem part of the 
State, the southeastem part of the San Juan Basin, most of the south-
central and southwestem parts of the State, and large areas in Lea and 
Eddy Counties in the southeastem pa r t 

Although the relative ages of the Precambrian rocks of the State are 
not well imderstood, it appears that the most deeply metamorphosed 
rocks are the oldest (about 1,110 to 1,300 mUlion years) and that they 
are foUowed in age successively by intrusive granite and granitoid 
rocks, by relativenr unmetamorphosed sedimentary rocks associated 
with intrusive and extrusive rhyolites, and by a younger ^ o u p of 
granitic intrusive rocks. The increased amount of radiometric dating 
of the Precambrian rocks that wiU become available in the future wiU 
greatly clarify our understanding of the correlations and history of 
these rocks. 

PALEOZOIC ROCKS 

The Paleozoic Era is represented in New Mexico by a succession of 
sedimentary rocks which is divided into systems and local formations 
(tables l-A). The older Paleozoic rocks are divided into Cambrian, 
Ordovician, and Silurian Systems. Rocks of these ages consist mainly 
of limestone and dolomite, and include some sandstone. They were de­
posited in shaUow seas that osciUated across the land. Deposition 
was discontinuous and environments of deposition were variable. 
These factors have resulted in distinctive rock types in each system 
and the rock types may be divided into mappable formations. 

During Late Cambrian and Early Ordovician time the Bliss Sand­
stone and El Paso Limestone were deposited in a sea that probably 
transgressed across the land from the west. Rocks correlated with the 
Middle Ordovician Simpson Group of Oklahoma are present in the 
subsurface in southeastem New Mexico and in Middle and Late 
Ordovician time the Montoya Dolomite was deposited in a continuous 
seaway across southern New Mexico. Li Silurian time the Fusselman 
Dolomite was deposited in a sea that may have encroached on the land 
from the east. The seas were probably relatively warm and, during 
parts of early Paleozoic time, w4ice hosts to many species of primi­
tive corals, bivalves, crinoids, and other forms of animal life. 

Rocks of Qi€> eariy part of the Paleozoic Era are preserved only in 
the southem and northwestem parts of New Mexico. Although these 
rocks may be as much as 2,500 feet thick in the south-central part of 
the State, they are eroded and generally absent north of the latitude 
of the CabaUo and Fra Cristobal Mountains in Socorro Coimty, and 
north of the Oscura Mountains in Lincoln County. They are well ex­
posed in the Sacramento Mountains, Otero County, but are absent 
north of Alamagordo. They have been encountered in wells driUed 
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in the Delaware basin in southeastem New Mexico. The Ignacio 
Quartzite of Late Cambrian age has been encountered in wells in the 
northwestern part of New Mexico. 

Younger Paleozoic rocks are included in the Devonian, Mississip­
pian, Pennsylvanian, and Permian Systems. Rocks of these ages in­
clude limestone, dolomite, gypsum and anhydrite, salt, potash min­
erals, shale, sandstone, and conglomerate. They reflect changing 
environments of deposition. 

The Devonian rocks, largely represented by the Percha Shale in 
southem New Mexico are relatively: thin but form a widespread blan­
ket of dark, calcareous to sandy shale, Devonian rocks have much 
the same distribution in New Mexico as the earlier Paleozoic rocks, 
but they are probably also present at places in the Sangre de Cristo 
Mountains. 

Mississippian rocks consist mainly of limestone and are present 
over much of southern New Mexico as well as places in the Sangre de 
Cristo, Nacimiento, and Sandia Mountains. They are also present 
in the subsurface in northwestem part of the State. The Missis­
sippian rocks, which have a maximum thickness exceeding 1,200 feet 
in southwestem New Mexico, have bsen assigned to a large number 
of locally recognized stratigraphic units. 

Pennsylvanian and Permian rocks were deposited in widely vari­
able environments including the flanks of mountains that rose out 
of the sea, shallow seas, enclosed basins, and salt pans. The rocks, 
therefore, are of great variety and have been assigned to numerous 
stratigraphic units, Pennsylvanian rocks include gypsum, limestone, 
sandstone, and conglomerate, Permian formations include those rock 
types as well as much dolomite and, in southeastem New Mexico, 
thick salt and potash deposits. In parts of southeastem New 
Mexico Pennsylvanian and Permian rocks may exceed 12,000 feet 
in thickness. 

All the Paleozoic rocks are presently being studied intensively by 
geologists, for it is from these rocks that much of the petroleum is 
being produced in New Mexico, An understanding of regional varia­
tions in rock types, position of ancient shore lines and mountain 
uplifts, and environments of deposition are necessary to predict the 
occurrence of petroleum. In addition, the understanding of ancient 
uplifts and fracturing of rocks is important in the study of ore 
deposits. Because of this intensive study, numerous formation names 
have been proposed for rocks in New Mexico, These names are not 
listed here because of the complexity of nomenclature. The accom­
panying tables (tables 1^) are intended to serve only as generalized 
outlines for reference, 

MESOZOIC ROCKS 

Deposits of Mesozoic age include rocks of the Triassic, Jurassic, 
and Cretaceous Systems, At the close of Paleozoic time seas with­
drew from New Mexico and lower Mesozoic rocks are of continental 
origin, Triassic rocks in New Mexico are usually red to maroon 
and include shale and sandstone deposited on floodplains or in other 
subaerial environments, Triassic rocks are preserved in northem 
and eastem New Mexico, They are exposed in southeastem New 
Mexico along the Pecos River nearly to the State line. The maximum 
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thickness of Triassic rocks may exceed 2,000 feet along the eastem 
edge of the State. 

Jurassic rocks include a complex sequence of nonmarine units, 
largely clastic, of eoUan, stream, and lacustrine origin. They are 
expceed widely in northem New Mexico around the edges of the San 
Juan Basin where they locaUy exceed 1,000 feet in thickness, in 
mountain uplifts, and in deeply cut canyons including those of the 
Canadian and Cimarron Rivers. Jurassic rocks are not present in 
New Mexico south of an easterly line across the south-central part 
of the State. 

During Cretaceous time seas a ^ i n advanced over New Mexico and 
rocks were deposited in, or margmal to, a marine enviromnent. The 
main body of tiie Cretaceous sea lay to the east of New Mexico and 
extended from the Arotic to the Gulf of Meidco. In southwestem 
New Mexico, however, the lowest Cretaceous rocks accumulated to 
thicknesses of more than 15,000 feet in a deep trough centered in tfie 
area of the Little Hatchet Mountains. Upper Cretaceous rocks were 
deposited over northem New Mexico in lagoons, along beaches, and 
in offshore and marine enviromnents. Complex intertonguing rela­
tions record the oscUlatory advance of the sea and differences in 
the rate of supply of sediment. The rocks consist of shale and 
sandstone with some beds of limestone and local coal beds. 

The oldest formation in the Upper Cretaceous sequence is the 
widespread Dakota Sandstone. Overlying the Dakota in north­
western New Mexico is the Mancos Shale which was deposited as a 
marine mud. The Mesaverde Group consists of several formations 
that interfinger with the underlying Mancos Shale and record depo­
sition of sand, silt, clay, and plant debris in streams and swamps. 
Almost the entire history of Upper Cretaceous deposition over much 
of New Mexico is marked by repeated advances of the sea with 
the drowning of rivers and swamps followed by retreat of seas and 
renewal of river systen^ and swamp environments. The weU pre­
served record of these events in New Mexico has long intrigued 
geologists and the study of these rocks and their history has resulted 
m classic concepts of sedimentation, facies changes, and interfinger­
ing of strata, 

CENOZOIC ROCKS 

At the close of Cretaceous time, seas withdrew from the New Mexico 
region; and regional uplift of the land, accompanied by mountain 
bmlding, began. Therefore, there are no known marine deposits in 
New Mexico that are younger than Cretaceous age. Tertiary rocks 
consist of clay, shale, sandstone, volcanic flows, and igneous intrusions. 
Some coal beds were deposited in the Raton Basin during early 
Tertiary time. 

During the earliest part of Tertiary time, sediments were deposited 
in the San Juan and in the Raton Basins. The Tertiary rocks in the 
San Juan Basin include gray shale, variegated red, purple, and white 
shale, sandstone, and brown conglomerate. Rocks in the San Juan 
Basin were probably deposited on the surface of floodplains that con­
tained some areas of a heavily wooded savanna environment. In the 
Raton basin lower Tertiary rocks consist of coal, gray shale, and inter­
bedded conglomerate sandstone beds that interfinger and grade into the 
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overlying conglomerates. These rocks were deposited in a swamp and 
floodplain environment that was covered later oy a piedmont terrane. 
r. Other sedimentary formations were deposited in intermontane 
basins in Tertiary and early Quartemary time. These include the 
(Jalisteo Formation of Eocene and Oligocene (?) age in southem Santa 
We County, the Baca Formation of Eocene (?) age in central New 
Mexico, and the Santa Fe Group of Miocene to Pleistocene (?) age in 
Jhe vicinity of the Rio Grande Valley. The Santa Fe Group consists of 
^lay, sand, gravel, and some interbedded volcanic rocks. The Santa 
Fe Group is best exposed in northem Santa Fe County but it may be 
present along much of the course of the Rio Grande in New Mexico. 
The Pliocene and Pleistocene Gila Conglomerate in southwestem New 
Mexico is very similar lithologicaUy to the Santa Fe Group. 

In southwestem New Mexico there was extensive volcanic activity 
and local igneous intmsions during Tertiary time. The Datil Forma­
tion, chiefly of Tertiary age, formed a volcanic field that covers much 
of Catron, Grant, and westem Socorro and Sierra Counties. Some 
volcanic rocks in Hidalgo, Luna, and Dona Ana Counties may be re­
lated to the Datil volcanic episode. 

Rocks of Quatemary age in New Mexico include sedimentary and 
igneous deposits. The sedimentary deposits include caliche, alluvium 
and valley fill, clay, sand, and gravel. The igneous rocks include vol­
canic flows and ash f aUs of varied composition. 

The sedimentary rocks are chiefly the result of weathering and 
breakdown of mountain masses. Products of weathering have been 
carried by streams into vaUeys where they are deposited. Most 
Quatemary sedimentary deposits are unconsolidated and friable but 
in some areas chemical processes in nature are operative and weU-
cemented spring deposits (travertine) are in the process of formation. 
In some enclos«i basins, as in the Estancia Basin in eastem Valencia 
County and the Tularosa Basin in westem Otero County, saline de­
posits have accumulated during relatively recent time. These deposits 
are the result of saline-bearing water that evaporates into the at­
mosphere leaving saline crystals as deposits on or near the surface of 
the ground. Dunes of the White Sands in Otero Countv are composed 
of small grains of gypsum that have been fragmented in the atmos­
phere and moved and rounded by wind action. 

During Pleistocene time, commonly known as the "Ice Age," glaciers 
were not as widespread in New Mexico as in the northem part of the 
United States, Mountain glaciers formed in parts of the Sangre de 
Cristo Mountains and as far south as Sierra Blanca Peak in Lmcoln 
County, but ice did not cover New Mexico in sheets. During the time 
of glaciation the climate in New Mexico was probably much wetter 
and colder than present climate. About 12,000 to 13,000 years ago 
man was hunting the mammoth and other large animals in the area 
that is now New Mexico, Average summer temperature in the 
Estancia Valley in Torrance County was 10° to 12° lower than at 
present and the annual precipitation was probably 8 inches more than 
p r ^ n t precipitation. During the past 6,000 years, climate has been 
variable with a tendency towards relatively warm and more arid con­
ditions. The variable climate of recent time is reflected by several 
cycles of arroyo cutting and filling in the drainage systems of New 
Mexico. 
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GEOLOGIC STRUOTDBE 

Deformation of the earth's crust is a long and continuing evolu­
tionary process that results in the development of land forms and 
changmg geologic environments. Mountains and basins P ^ ^ ^ ^ ^ 
dayTlerM^co rofl^t a ^^^^fy^^^p^^^^ .^ '^^ 
history of the region ( f i g J ) . S o m e ^ O T i ^ ^ , ^ ^ ^ ^ ^ ^ , 
however, be r d a t ^ t o ^ m c t a r a ^ ™ t o ^ m ^ ^^^continumgfold-
£ S a S ^ f a S k ^ ^ ^ S g ^ of i S h a s mask:d much of r i r U e r 

" ^ ^ " ^ i S ^ ^ T ' s m a U exposures of Precambrian rocks Umit the 
rerional interpretation of the origin and history of these rocks. S«i-
ways were present and sediments were deposited. Later these sedi­
ments were Uthified, subjected to regional stresses, and intmded by 
igneous rocks. The lithified and metamorphosed sedimraits are pre­
served in the form of schist, quartzite, and gneiss. In the Sandia and 
Manzano uplifts, east and southeast of Albuquerque, and in parts of 
southeastem New Mexico there was some volcanic activity during 
Precambrian time. 

During much of Paleozoic time the relief in New Mexico was low 
and intermittent encroachment of seas over the area was characteristic. 
Structural movements were probably confined to low regional warping 
of the earth's crust. During late Paleozoic (Pennsylvanian and Early 
Permian) time there was local mountain buUding and land masses 
were lifted above the surrounding sea. This uplift, and accompanying 
erosion of rocks, may account in part for the absence of lower Paleo­
zoic rocks over much of north-central New Mexioo. At this time the 
Sierra Grande arch, Pedemal arch. Matador arch. Central Basin plat­
form, and the Zuni uplift were formed. These upUfts, sometimes 
called the Ancestral Rocky Mountains, contributed sediments to ad­
joining basins during Pennsylvanian and earliest Permian time. A 
remnant of the Pedemal arch forms the present PedemaJ Hills in 
Torrance County. The Zuni uplift was rejuvenated during Tertiary 
time and is a prominent landmark in westem New Mexico today. 
Other uplifts that were in existence in Early Permian time are now 
covered by strata deposited in Permian and later time. The cores of 
those uplifts have heen found during drilling for petroleum. 

During Mesozoic time tectonism was relatively mUd in the New 
Mexico region. In Jurassic time the eastward trending Navajo high­
land—an area of low relief and nondeposition—existed in central New 
Mexico. Owing to the presence of this highland, strata of Jurassic 
age are not found, and may never have been deposited, in the southem 
half of the State. During Cretaceous time gentle crustal warping 
resulted in encroachment of seaways and the oscillation of shorelines 
in the northwestem part of New Mexico, and possibly elsewhere. At 
this time highlands were present in westem Arizona and, during Late 
Cretaceous time, in southwestem New Mexico. Volcanoes may have 
been active in southwestem New Mexico. 

Regional uplift accompanied by folding and local thmst faulting 
was the dominant tectonic activity in latest Cretaceous and earliest 
Tertiary time. Regional tectonic forces were probably compressional 
as contrasted with tensional stress of later Tertiary time. At least 
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as early as Oligocene time tensional stress resulted in normal faults and 
widespread volcanic activity. The DatU volcanic field, Moimt Taylor, 
and local igneous intrusions were developed at this time. During 
late Tertiary time most of the mountains and basins that are part of 
the Dresent landscape of New Mexico were formed. 

Late Tertiary igneous activity has produced relatively high and 
well-known landmarks. Intmsion of igneous rock from magmas into 
the earth's crust formed the Organ Mountains near Las Cruces, parts 
of Sierra Blanca in southem Lincoln County, and the Ortiz Mountains 
in Santa Fe County. Explosive volcanism formed parts of the Jemez 
volcanic plateau and less violent volcanic activity resulted in the build­
ing of Mount Taylor in McKinley and Valencia Counties. 

An understanding of the sequence of structural events is significant 
to the location of mineral resources. Magmatic differentiation of 
igneous rocks during igneous intrusion results in the formation of 
pegmatites and other concentrations of minerals. Contact meta­
morphic deposits are formed along the margins of igneous intrusions. 
The movement of mineral-bearing solutions and gases in faults and 
fissures results in the concentration of minerals, TUting of strata 
results in the movement of mineralizing fluids, water, and petroleum, 
in the rocks. The relative position of shorelines to sea and land are 
at times the key to the location of coal and petroleum resources. 

ECONOMIC GEOLOGY 

The economic value of a mineral resource is determined by the cost 
of production, cost of transportation to market, and by the demand for 
the commodity. Costs and demand vary with fluctuations in local or 
national economy, advances in the technological fields of exploration 
and exploitation, and increases in requirements by industry and the 
expanding population, A resource that cannot be developed profit­
ably today may become the basis for a profitable enterprise in the 
future because, of these constantly changing sociologic, technologic, 
and economic factors. 

Once a m'neral resource is exhausted it cannot be replaced. This 
fact of depletion is a distinctive characteristic of mineral economics 
and creates problems both in concepts of conservation and execution 
of resource development. For this reason, efficient development, in­
telligent use, and cont'nuing search for new or substitute mineral 
resources are of importance to economic growth. Advances in the 
techniques of exploration and processing of mineral resources have 
been successful in meeting the most fundamental needs of the nation's 
economy to date. However, with depletion of high-grade deposits it 
will become necessary to locate and develop deposits that are of lower 
grade, particularly those that give promise of yielding more than one 
mineral commodity, others that are deeply buried, and stiU others that 
are farther from markets. 

The accumulation of a mineral or rock to form an economic deposit 
is the result of one or more specific geologic processes, and therefore 
each type of mineral resource is limited in distribution to certain 
geologic environments. In fact, environments conducive to the forma­
tion of mineral deposits are so restricted in nature that it has been esti­
mated that during the past 50 years, 90 percent of the Nation's gold, 
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silver, copper, lead, and zinc has come from a total area of less than 
1,000 square miles (Fowler and others, 1955, p, 7). 

The geologic occurrence of all mineral deposits follows natural laws 
that allow basic predictions. Mineral fuels, such as petroleum, nat­
ural gas, and coal, are natural products of organic decay and recom-
position in a sedimentary environment, and these resources are found 
m sedimentary rocks. In New Mexico these rocks are best preserved 
in the thick sedimentary deposits in the San Juan and Delaware 
basins. Petroleum and natural gas are found in these basins in rocks 
of Ordovician, Silurian, Devonian, Mississippian, Pennsylvanian, 
Permian, and Cretaceous ages. 

Extensive deposits of coal occur in New Mexico in rocks of Cretace­
ous age in the San Juan Basin, and of Cretaceous and Paleocene ages 
in the Raton Basin. Rocks of Cretaceous age also contain coal de­
posits in the Carthage, Sierra Blanca, Hagen (Una del Gato), and 
Tijeras basins. 

Other minerals are concentrated in deposits by solutions or gases 
emanating from deep-seated bodies of magma. These deposits are 
usually found in association with igneous and metamorphic rocks and 
occur within, or adjacent to, mountain uplifts. Some occur as veins 
along fractures, some as bodies that have replaced favorable rocks, 
and some as disseminated mineral grains in large masses of igneous 
rock. 

Veins occur in New Mexico in the Lordsburg, Silver City, Mogollon, 
Lake Valley, and Magdalena districts. They have produced gold, 
silver, copper, and nonmetallic minerals. Replacement bodies of ore 
occur in wall rocks near veins or in the vicinity of igneous intrusions. 
Such deposits have produced lead in the Kingston, HiUsboro, Lake 
Valley, and other districts in New Mexico, Disseminated copper de­
posits are mined in the Silver City region. 

Some minerals of economic importance are concentrated by proc­
esses of weathering and erosion of uplifted areas, and occur as prod­
ucts of deposition. These deposits include vast accumulations of sand 
and gravel in New Mexico, placer gold, and some clay deposits. Other 
deposits are enriched by weathering and oxidation. 

Some rocks are of direct economic value. These include potash, salt, 
gypsum, perlite, pumice, granite, and travertine. Some of these have 
multiple uses in the construction industry either as aggregate or as 
building stone. Some sandstone is useful as building stone or, where 
composed of relatively pure silica, in the manufacture of glass. Lime­
stone may likewise be quarried and used as building stone or processed 
and used in the manufacture of cement. 

Many maps in this report show a trend of mineral occurrences in a 
broad belt across the State from the north-central part southwestward 
to the southwest comer. The presence of this belt of mineral occur­
rences has long been recognized (Lindgren and others, 1910). The 
interpretation of the belt is, at present, conjectural. I t may be related 
to deep-seated geologic processes or it may be the fortuitous exposure 
of mineral deposits by erosion. However, trends of this type are a 
subject of serious study by geologists and the gathering of data, plot­
ting of related data on maps, and the regional interpretation of such 
maps may lead to finding of other mineral occurrences. 

f 
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TOPOGRAPHIC AND GEOLOGIC MAPPING 

A map showing the topography of New Mexico has been published 
the U-S, Geological Survey at a scale of 1 :o00,000. Topographic 

aps showing dramage, culture, and contours drawn on lines of equal 
'bevation have been published for many individual areas in the State 
(fig. 8). 
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FiGUBE 8.—Published and unpublished topographic maps in New Mexico, Sep­
tember 1964 

Geologic maps show rock units exposed at the surface. Geologic 
maps have been published that cover a little more than one half the 
State (fig, 9), These maps are published either individually or as 
parts of geologic reports. They have been published mainly by the 
U,S, Geological Survey, the New Mexico Bureau of Mines and Mineral 
Resources, and the University of New Mexico, A geologic map of the 
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EXPLANATION 

Areas covered by published geologic aaps at 
scales 1:03,360 and larger. Photogeologic 
and incomplete naps are not included 

Areas covered by published geologic aaps at 
scales smaller than 1:63,300 to and including 
1:250,000. tncoaplete naps are not included 

FiQtJBE 9.—Published geologic maps in New Mexico, September 1964, 
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Gfate at a scale of 1:500,000 has been prepared by the Geological Sur-
ev in cooperation with the New Mexico Bureau of Mines and Mineral 

c^sources and the University of New Mexico and is now in press, 
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especially copper, nickel, iron, sUver, and lead. As a conse-
the metal is recovered largely as a byproduct of other metal-

^ and refining operations, few aeposits having proved workable 
*'rily ^^^ their cobalt content. Important cobalt-bearing minerals 
[e a number of arsenides, sulfarsenides, sulfides, and their oxida-

-.yoducts. The geology and mineralogy of cobalt is treated more 
^ ^ h v Bastin (1939), loung (1948), Vhay in Davis and others 
&2) and BUbrey (1960a, 1962). 
xfforid production of cobalt in 1962 (exclusive of the Soviet Union 
^ lied China) was 16,067 short tons. The United States con-

•̂  pd 5i634 short tons in 1962, a new record 5 percent higher than 
^^'^nrevious record in 1952 (BUbrey and Clarke, 1963; U,S. Bureau 
'J^-Ajj\es, "Commodity Data Summaries," 1964). Domestic pniduc-
j ^ in 1962 was not reported inasmuch as it came from a single 
^^^ucer in Penn^lvania, Mine production in the United States 

lijde 

' fodii 
F j ^ 1940 to the present has ranged from 67 to 2,422 short tons, 
^pLely from magnetic iron ores in Pennsylvania, lead ores in Missouri, 
**^ copper-cobalt ores in Idaho (BUbrey, 1962), Major imports 
?* lucent years have come from the Republic of the Congo, Belgium-
I'nxembourg, and West Grermany. 

The principal known deposits of cobalt in New Mexico are those 
f the Black Hawk district in Grant County, which were worked 

^ y for their silver content (summarized under nickel), Smaltite 
/()obalt-nickel arsenide) was identified by R, A. Zeller, Jr,, among 
*jje metaUic minerals in the Creeper mine, Sylvanite district, Hidalgo 
County (Northrop, 1959), Very small amounts of cobalt have been 
detected spectrographically in manganese-oxide ores in a number of 
localities, the amoimts ranging up to 0,15 percent in the Red Hill 
deposit, Luis Lopez district, Socorro County (Hewett and others, 
1963). Cryptomelane and hollandite from the Black Feather claims 
in the same district yielded 0,59 percent cobalt oxide (CoO) by chem­
ical analysis (Hewett and Fleischer, 1960), 

: j 
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URANIUM 
(By L. S. HUpert, Salt Lake City, Utah) 

REVIEW or INDUSTRY 

Uranium consists of a mixture of the isotopes U''̂ *, U"*, and U'"*, 
The isotope U"^ constitutes more than 99 percent of natural uranium 
and can be converted to fissionable plutomum. The naturally fission­
able U*^ isotope and plutonium are the principal ingredients in fuel 
for nyclear reactors and in weapons; these are the major uses for 
uranium. Minor amounts of uranium are also used in the chemical, 
ceramic, and electrical industries. 

0)nsumption of uranium was small prior to World War I I , but 
with the development of the nuclear bomb it became a metal of great 
strategic importance. During the late 1940's and early 1950's, be­
cause of the domestic shortage, the United States obtained its supply 
mostly from foreign sources, first largely from the Belgian Congo 
and then from Canada, By the mid-1950's the domestic supply could 
largely satisfy domestic needs, and foreign purchases were gradually 
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decreased. By 1963 domestic producers supplied 62 percent of 
purchases, the remainder being suppUed mostly by (Janada aLSi 
Republic of South Africa (Baroch, 1964). ^^ tĵ  

Uranium has been a commodity of great importance to New if 
since the early 1950's, Although uranium minerals have been t ^ ^ 
in New Mexico for many years (Jones, 1904, pp, 113, 186, 342 ^ 
they were little more than curiosities until camotite deposits'^) 
discovered in 1918 west of Shiprock, San Juan County, and n̂**!* 
ferous minerals were discovered about 1920 in the White Signal^ 
Black Hawk districts. Grant County (Hess, 1922, p, 416). \ ! j ^ 
amoimt of ore was mined from these deposits for pharmaceutical^ 
poses (Lovering, 1956, p, 329). In the period from 1942 to 1944 a f 
thousand tons of ore were mined from the Shiprock area for the va 
dium content. Subsequently, during World War I I , some of ĵj" 
mill tailings of this ore were re-treat»d for uranium recovery. ^ 

In 1948 prospecting was stimulated by the U.S. Atomic En̂ j. 
Commission with the ore-buying schedule announced in Circular!^ 
New deposits were found shortly thereafter in many parts of the Stau 
notably in limestone at the outcrop near Grants, McKinley Qo^^ 
in 1950; in sandstone at the outcrop near Laguna, Valencia County , 
1951 (the Jackpile deposit); and in large subsurface deposits in sanrf 
stone near Ambrosia Lake, McKinley County, in 1955, DevelopmgjJ 
of these deposits and others was rapid; the output in 1956 exceeded 1 
million tons of ore and it climbed until it reached a peak in I960 of 
about 3.8 miUion tons of ore (table 27). 

TABLE 27.—Uranium ore production in New Mexico 

Years 

1918-41 
1942-44. -
1945-19 - - - - - -
1950 — - -., — 
1951 
1952 — 
1953 
1954. 
1955 - — 
1956 
1957 — — - -
1958 - - - —. 
1959 
1960 - - - -
1961 - - -
1962 -
1963 -

Total (rounded) and average 

Short t o n s ' 

Negligible 

Negligible 
•6,000 
• 2,000 

• 23,000 
•85,000 

• 396,000 
• 262,000 

1,105,183 
1,175,742 
1,888,499 
3,269,826 
3,793,494 
3,631,036 
3,478,238 

•2,304,577 

21,225,000 

Orade 
(percent 
^ 0 . ) 

• . 

• 0.21 
•.24 
•-22 
•.25 
».36 
•.25 

.26 

.22 

.26 

.21 

.21 

.22 

.23 

.22 

.23 

Valne ll 

*Ne^-bii 

si66,'ooo 
•61,000 

's«6,sao 
•2,Oe7,CB0 
•6,303,000 
'5.270.000 
24.086,2M 

32,264,000 
53,463 000 
61,827,000 
62,482,000 
63, SOi 000 

'41,372,000 

374,000,000 

^ Data from U.S. Bnrean of Mines Minerals Yearbook, except as noted. 
== F.o.b. mine value. Including base price, grade premiums, and development aUowance; 

Tanadium excluded. 
' Few thousand. 
* Mined for vanadium; small amount later reprocessed for uranium recovery. 
* Compiled from file data, available by courtesy of U.S. Atomic Energy Commission. 
' Calculated on base price, grade premiums, and development allowance for yearly aver­

age grade plus following production bonuses: 1951, $21.401; 1952, $134,789; 1953, 
$30a. l63; and 1954, $187,685 (J. A. Patterson, oral communication, September 1964). 

'' Prorated estimate based on July-December 1955 tonnage, grade, and ore value figurel, 
from Minerals Y«arbook. 

• TJ.S. Bureau of Mines Mineral Industry Surveys, Jnne 1964. 

1 See Atomic Energy Commission Regulations, pt. 60, Domestic Dranlum Program 
ClrcuUrs 1 to 6, Inclusive, Apr. 9. 1948, June 15, 194>S, Feb. 7, 1949, and June 27, 1951. 
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ntput from New Mexico has been of vital importance to the 
' ^« ^ ^eU as to the State. In the 1957-63 period uranium pro-
r^p^ in New Mexico was 40 percent of the total for the country, 

•if^ar values of the uranium ores mined have ranged from about 4 
%!«rcent of the State's total mineral output, in 1956 and 1957, re-

i 

'« nercent v/* ̂ .̂ ^ ̂ «̂ww»̂ ., »„™. 1—, , --
vdVi ^P ^ niore than 9 percent in 1960 and 1962. Although 

!**, g been a general decline in output since 1960, New Mexico wUl 
^ hly continue to hold the same general proportion of total U.S. 
^ . {QJ. at least the next few years. The recent decline has resulted 

IJrfP^j^jy from the saturated uranium market Fringe benefits have 
?rf*^*pennitted to lapse, restrictions have been imposed on mine 
•^luents? and the pnce paid for mill concentrates has been reduced. 

^•'^ bonus paid for initial production of uranium ores from new 
,1^® terminated February 28, 1957, and payments made for con-
j(»P^ VjOs were discontinued on ores that were too low in vanadium 

^ efficient vanadium recovery. In 1962, a stretchout program for 
'̂"̂ rtestic uranium procurement for the period from January 1, 1967, 

'^pecember 31,1970, was announced. It provides for deferring de-
*f'gj!rto 1967 and 1968 of some uranium concentrates which were orig-
• Jly contracted for delivery before 1967, and for purchase of an ad-
rfional amount of concentrates in 1969 and 1970 equal to the amount 
JJferred to 1967 and 1968, In 1969 and 1970 the maximum price is to 
uf$6,70 per pound of contained UsOs. This general cutback resulted 
• the closing in 1963 of one uranium miU in New Mexico, leaving four 
*^rating miUs and one on standby status in 1964. The combined 
2S^d capacity of these mills is about 10,000 to 11,000 tons of ore per 

PENBCONCOBDANT DEPOSITS 

Uranium deposits in New Mexico occur in rocks of many ages and 
lithologic types. Two general types of deposits, peneconcordant and 
vein, occur m New Mexico. The most abundant, largest, and most 
productive are the peneconcordant deposits (Finch, 1959a). These 
occur in sedimentary rocks and are nearly concordant (parallel) to the 
bedding. The deposits are found most often in thick fluvial sand­
stone and conglomeratic sandstone which has been bleached gray or 
stained brown. Such deposits have been referred to as sandstone-type 
deposits. To a lesser extent, peneconcordant deposits occur in lignite 
and carbonaceous shale, and m limestone. The deposits are roughly 
tabular to lenslike, tending to be elongate and parallel, or nearly so, 
to such sedimentary features as sandstone lenses and bedding struct­
ures. Most of the deposits are restricted to certain favorable strati­
graphic units, where they occur in clusters, and these clusters in tum 
tend to occur in belts. The recognition of these features is useful in 
exploration for hidden dejiosits and in making resource appraisals. 
Size of the deposits ranges from local masses that contain less than a 
ton of material to large masses that contain as much as several miUion 
tons. The grade ranges from trace amounts to several percent ura­
nium but the average grade of the ore is about 0.25 percent UaOg. 

The mineralogy is complex and varies between deposits, depending 
on the relative contents of uranium and vanadium and copper and 

»U.S. Atomic Energy Commlsaion Press Belease 356, Washington, D.C. and Grand 
Junction, Colo,, Nov. 17,1962. 
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the degree of oxidation. The vanadiferous deposits generally 
in uranium to vanadium ratio from about 1:1 to 1:10 and 

CO] 
traces of copper and other metals, but in general the copper cont^ 
less than in the nonvanadiferous aeposits. The so-caUed nonva^^ 
erous deposits actuaUy contain smaU amounts of vanadium a n d r 
minor amounts of copper and other metals, but locaUy contain as »>S 
as several percent copper, lliose that have yielded copper o r e ^ 
been referred to as red beds copper deposits. ^^ 

Near the surface, the vanamferous deposits consist lar^ly Q| 
uranyl vanadates, camotite and tyuyamunite, and various Q ^ 
vanadium minerals; and the nonvanadiferous deposits contain^ 
uranium hydrous oxide, becquereUte. Where much copper is presej!? 
the minerals are commonly the hydrous phosphate (torbernite)^ 
hydrous sulfate (johannite) of copper and uranium and hydrous ^ 
bonates of copper. -

Below the surface and generaUy below the water table, the n* 
oxidized analogs of these minerals are principally uraninite (pit^ 
blende), coffinite, montroseite, and micaceous vanadium silicates in L̂, 
vanadiferous deposits; uraninite or coffinite in the nonvanadifer^ 
deposits; and uraninite and variable amounts of iron and copper gij 
fides where much copper is present. The mineralogy is oiscussJ 
more completely by Hess (1933), BotineUy and Weeks (1957), Finck 
(1959b), Garrels and Larson (1959), Laverty and Gross (1956), Tru^ 
deU and Weeks (1959), and Granger (1963). 

Peneconcordant deposits in New Mexico occur in sedimentary nx ĵ 
ran^ng in age from Paleozoic to Tertiary and occurring in many 
stratigraphic units. The important ones, however, are largely coi 
fined to rocks of Jurassic age in the northwestem part of the State. 
These and the less important ones are reviewed in ascending strati-
graphic order. The productive districts, areas, and deposits are iden­
tified by number on figure 47 and most of the individual mines an 
listed in tables 28 to 30; others are named in the text. Unproductive 
deposits or occurrences are shown by symbol only and, when not cited 
in the text, can generally be identified and located in Hilpert and 
Corey (1955, pp. 104-118), Butler, Fuich, and Twenhofel (1962),and 
Anderson (1955), 
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Deposits eas t of 106* Icng, and south of M ' U t 
are Dodified fr tn A. 1'. Hurler, J r . , (written 
conajucataon, iiept, 1964). . ^ _ _ _ _ , 

.20 4 0 Mll-C^ 

' UraiiiB l in ing areas , deposi ts , and occumnces 
' (Niabers refer to productive d i s t r i c t s and areas and productive deposits aenticned in text) 

Deposits penecai-
cordant with sedi-

ntary features of 
the enclosing rocks 

Veins, breccia 
zones, stoclcworics, 
and related types 

>10,000,000 

Sandstcne, s i l t - 2/ 
stone, and ~ 
carbcnaceous shale 

Uses tsne 2/ 

(See text) 

Tms of ore shipped through 1963 

1,000,OOO­
lO,000,000 

100,000-
1,000,000 

10,000-
100,000 

1-10,000 Occurrence 
1/ 

1/ Material cmtaining at least 0,01 percent UjOg or recognizable uraniin ninerals and 0.01 or more eU30g. 
7/ In McKinley md Valencia Counties, individual productive deposits are not niabered or described anl are 
~ not shcNn within areas of large synbols. 
3/ A "V" by synbol ( O v ) indicates deposits are vanadiferots, 

ffi 
Vanadate deposits Uraniun mill operating in 1964 

V V (A, The Anactnda Co.; K-M, Kerr-ltGee Oil 
Reported production No reported production Ind i s t r i es ; KN, Keraac Nuclear Rjels Corp.; 

(Letters refer to d i s t r i c t s aentioned in text) H-N, Hooestake-Sapin New l>texico Partners) 

FiGUEE 47.—Uranitun and vanadlmn in New Mexico. 
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TABLE 28.—List of mines in the Todilto limestone 
vr„_,„ Location (tection, townthip, and range, Netc Mexie.> 
^*™® Principal Meridian) ^ ' 

McKinley County: 
Ambrosia Lake dis­

trict Gocality 5, 
fig. 47): 

Barbara J, NE>i sec, 30, T. 13 N., R. 9 W. 
No, 1, 

Barbara J. NE}i sec, 30, T. 13 N,, R. 9 W. 
No, 3. 

Dalco No, 1-- NWK sec. 30, T. 13 N., R. 9 W. 
Faith. NWJ^ sec. 29, T, 13 N„ R. 9 W. 
Flat Top SE>i sec, 30, T. 13 N,, R. 9 W. 

No, 3, 
Flat Top SE>i sec. 30, T. 13 N,, R, 9 W, 

No, 4, 
Hanosh. NEK sec, 26, T, 13 N,, R, 10 W, 
Haystack NWK sec, 19, T, 13 N,, R. 10 W. 
Haystack Center SWK sec. 13, T, 13 N., R l l W . 

No, 2. 
ManoL - SWK sec, 30, T. 13 N,, R, 9 W. 
Red Point NWK sec, 16, T, 13 N,, R. 10 W. 

lode. 
Rimrock SWK sec. 30, T. 13 N., R. 9 W. 
Section 18, SWK sec. 18, T, 13 N., R. 10 W. 

SWK 
Section 18, SEK sec. 18, T, 13 N,, R. 10 W. 

SEK 
Section 19, NEK sec. 19, T. 13 N,, R. 10 W, 

NEK 
Section 23 SKSEK sec. 23, T. 13 N., R. 10 W, 
Section 24 NEK sec. 24, T. 13 N., R. 11 W. 
Section 25 Sec. 25, T. 13 N., R. 10 W. 
Section 31 NK sec. 31, T. 13 N., R. 9 W, 
Section 33 Sec. 33, T. 14 N,, R. 9 W. 

Smith Lake dis­
trict, Gocality 4, 
fig. 47): 

Billy the Kid. NEK sec. 19, T. 14 N., R. 11 W. 
Glover. _. NWK sec. 20, T. 14 N., R. 11 W. 
Lawrence NEK sec. 24, T. 14 N., R. 12 W. 

Elkins. 
Section NEK sec, 19, T, 14 N., R. 11 W. 

19 (Greer. 
Warren, & 
McCor­
mack). 

Section 19 Sec. 19, T. 14 N., R. 11 W. 
(Maddox & 
Teague), 

Section 21 SWK sec. 21, T. 14 N., R. 11 W. 
T. No. 2 SWK sec. 28, T. 14 N., R. 11 W. 
T. No. 1 0 - - - - SWK sec. 28, T. 14 N., R. 11 W. 
Tom Elkins.-- SEK sec. 24, T. 14 N,, R. 12 W. 
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TABLE 28.—List of mines in the Todilto Umestone—Continaed 
xTomo. Location (tection. tovmahin. and range. New Mexico 
J^*°^« Principal Meriiiam) 

. Arriba County: 
^ Locality 7 (fig. 47): 

^ Wasson. NEK sec. 28, T, 23 N., R, 4 E. 
i-nci» County: 

' A m b r o s i a Lake District Qocality 5, fig. 47): 
Black Hawk. . SEK sec, 4, T, 12 N,, R. 9 W, 
Bunney SEK sec, 4, T. 12 N., R. 9 W. 
Cedar No. 1 . . SEK sec, 20, T, 11 N., R, 9 W. 
Christmas Day NEK sec, 4, T, 12 N,, R, 9 W. 
Double Jerry. NWK sec, 3, T. 12 N,, R. 9 W. 
F-33 SEK sec, 33 and SWK sec, 34, T, 12 N., U. 9 W. 
Gay Eagle SEK sec, 4, T, 12 N„ R, 9 W, 
La Jara - SEK sec, 15, T, 12 N., R, 9 W, 
Last Chance.. NEK sec, 8, T, 12 N., R, 9 W. 
Lone Pine NEK sec, 8, T, 11 N., R, 9 W. 

No.3, 
Red Bluff NEK sec, 4, T, 12 N., R, 9 W. 

No, 3, 
Red Bluff NEK and NWK sec, 4, T. 12 N„ R. 9 W, 

No, 5 
Red Bluff SWK sec, 4, T. 12 N., R, 9 W. 

No, 7, 
Red Bluff SE K sec. 4, T, 12 N., R, 9 W. 

No, 8 
Red Bluff NEK sec, 4, T, 12 N., R, 9 W, 

No, 9, 
Red Bluff SE K sec, 4, T, 12 N., R. 9 W. 

No, 10, 
Section 9 NWK sec, 9, T, 12 N„ R, 9 W, 
Tom 13 SEK sec. 4, T. 11 N., R. 9 W. 
UDC No. 5 — SEK sec, 4, T. 12 N., R. 9 W. 
Zia> SWK sec, 15, T. 12 N,, R, 9 W, 

Laguna district (locality 6, fig. 47): 
Crackpot NWK sec. 8, T. 8 N., R, 5 W. 
Paisano NWK sec, 16, T. 8 N., R. 6 W. 
Sandy > ; SEK sec. 22, T. 9 N., R. 5 W. 

I Partly In Entrada Sandstone. 

I 
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Mamo Location (section, townahip, and range, Neu> Mexico 
^*™® PrincipaX Meridian) 

Harding County: ' 
Locality 19 (fig. 47): 

Polita No. 2 - . Sec. 5, T, 17 N., R. 29 E. 
McKinley County: 

Ambrosia Lake district (locality 5, fig, 47): 
Ann Lee - Sec. 28, T. 14 N., R. 9 W. 
Beacon HiU... SEK sec. 18, T. 13 N,, R. 9 W. 
Blue Peak NEK sec. 24, T. 13 N„ R. 10 W. 
Bob Cat NEK (?) sec. 24, T. 13, N., R. 10 W. 
Bucky SEK sec. 14, T. 14 N,, R. 10 W. 
Cliffside SWK sec, 36, T, 14 N,, R. 9 W. 
Dog Incline NEK sec, 20, T, 13 N,, R, 9 W. 

No, 1. 
Dysart No. 1„ SK sec, 11, T, 14 N., R, 10 W. 
Hogan SK sec. 14, T, 13 N,, R. 9 W. 
Malpais Center SKNK sec. 20, T. 13 N., R. 9 W. 
Marquez Center sec. 23, T, 13 N,, R. 9 W. 
Mesa Top No. Center WK sec, 20, T, 13 N., R. 9 W. 

7 (Moe), 
Mesa Top No. SWK sec. 20, T, 13 N,, R, 9 W. 

18 and 20. 
Pat NEK sec. 4, T. 13 N„ R. 10 W. 
Poison Can- NEK and SEK sec. 19, T. 13 N., R. 9 W. 

yon. 
Sandstone Sec. 34, T. 14 N., R. 9 W. 
Centennial NWK sec. 8, T, 13, N., R, 9 W. 

(Section 8), 
Section 10 EK sec. 10, T, 14 N,, R, 10 W, 
Section 1 5 . - - - SEK sec. 15, T, 14 N,, R. 10 W. 
Section 17 SK sec. 17, T, 14 N„ R. 9 W. 
Section 2 1 - . . . NEKSWK sec, 21, T, 13 N., R. 9 W. 
Section 22 EK sec. 22, T. 14 N., R. 10 W. 
Section 23 Sec. 23, T, 14 N,, R. 10 W. 
Section 24 Sec. 24, T. 14 N,, R, 10 W. 
Section 25 Sec, 25, T, 14 N., R, 10 W, 
Section 30 Sec, 30, T, 14 N., R, 9 W, 

(Kermac) 
Section 32 NK sec. 32, T. 14 N,, R, 9 W. 
Section 33 Sec. 33, T. 14 N., R. 9 W. 
Section 36 NEK sec. 36, T. 14 N., R, 10 W. 
Taffy (Bo- Sees, 11, 14, 15, T, 12 N,, R. 9 W, 

nanza. 
Gallup district (locality 3, fig. 47): 

Church Rock. NEK sec 17, T, 16 N., R. 17 W, 
CD & S SE K sec. 35, T. 16 N„ R. 17 W. 
Foutz No. 1-- NWK sec. 4, T. 15 N., R. 16 W. 
Foutz No. 2-- NEK sec. 5, T. 15 N., R. 16 W. 
Foutz No, 3 SEK sec. 31, T. 16 N., R. 16 W. 

YJ, 
Westwater SK sec. 12, T. 15 N., R. 16 W. 

No. 1. 
Smith Lake district (locality 4, fig. 47): 

Alta S W ^ sec. 5, T. 14 N„ R. 11 W. 
Black Jack Sec. 12, T. 15 N., R. 13 W. 

No. 1. 
Black Jack Sec. 18, T. 15 N,, R. 13 W. 

No.2. 
Evelyn NWi^ sec. 9, T. 14 N,, R. 11 W. 
Francis N W ^ sec. 8, T. 14 N., R. 11 W. 
Silver Bit NE>i sec. 10, T. 14 N,, R. 12 W. 

No. 7. 
Silver Bit NEM sec. 10, T. 14 N„ R. 12 W. 

No. 15. 
Silver Bit NEM sec, 10, T, 14 N,, R. 12 W. 

No. 18. 

Ofvi 

Ufl 



jflNERAL AND WATER RESOURCES OF NEW MEXICO 2 1 7 

ffABLE 29.—List of mines in the Morrison Formation—Continned 

Name 
Location (gection, tovmship, and ra'nge, Jlevi Mexico 

Principal Jferidioii) 

j-^al County: 
l » ' l O t y 8 ( f i g . 4 7 ) : 

Collins 
County: 

1 9 ^ ' ^ ^ Sec. 25, T. 17 N., R. 1 W. (projected unsurveyed land). 

,JuftO. 

NEJ4 sec. 

NW>i sec. 

SWM sec. 
NWM sec. 

19, T. 
19, T. 

Mfi Chuska district Gocality 2, fig. 47): 
, r ^ C»" ^ ^ 1 Yazzie N W H sec .̂ n 

No. 1. 
Castle T'sosie-
Dench Nezz. . . 
Deneh Nezz 

No. 2. 
Deneh Nezz 

N o . 3 . 
Enos Johnson. 
Enos Johnson 

No. 1. 
Enos Johnson 

No. 2. 
Enos Johnson 

No, 3, 
H. B. Roy 

No, 2. 
Horace Ben 

No. 1. 
Joe Ben No. 1 . 
Joe Ben No. 3-
John Joe 

No. 1. 
Kee Tohe S E ^ sec. 11, T. 

Shiprock district (locaUty 1, fig. 47): 
Alongo SWM sec. 25, T 

30, T, 25 N., R, 20 W. 

SEM sec, 11, T. 25 N., R. 21 W. 
NEM sec. 18, T, 25 N., R, 20 W, 

18, T. 25 N., R. 20 W. 

18, T, 25 N., R. 20 W. 

25 N., R. 
25 N,, R 

20 W. 
20 W. 

NWM sec. 19, T, 25 N,, R, 20 W, 

NWM sec, 19, T. 25 N„ R. 20 W. 

N E M sec. 36, T. 25 N., R. 21 W. 

SEM sec. 19, T. 25 N,, R. 20 W. 

NWM sec. 13, T. 25 N„ R. 21 W. 
NEM sec. 24, T. 25 N., R. 21 W. 
SEM sec. 11, T. 25 N., R. 21 W. 

25 N., R. 21 W. 

BB (Lewis 
Barton), 

BBB (Barton 
& Begay). 

Begay No. 1 - -
Canyon No. 1-
Canyon View.. 
Carrizo No. 1 . 
Cottonwood 

Butte. 
Junction N E M sec 
King No. 2 
King No. 6 

Uncertain location. 
29 N., R. 21 W. 

Do, 

NWM sec. 24, T. 29 N. 
NWM sec. 2, T. 29 N., 
Uncertain location. 

Do. 
Do. 

24, T. 29 N, 

R. 21 W. 
R. 21 W„ 

King T u t t - - -
King Tut t 

No. 1. 
King Tu t t 

Point. 
Lone Star 
Lookout 

Point. 
Nelson Point. 
Rattlesnake 

No. 6. 
Red Wash 

Point. 
Rocky Flats-
Rocky Flats 

N o . 2 . 
Rocky No. 2-
Salt Canyon-
Sam Point 

R 21 'W 
NWM sec. 26, T. 30 Ni, R. 21 W. 
SW comer sec. 11, T, 30 N,, R. 21 
SEM sec. 23, T. 29 N,, R. 21 W. 
SWM sec. 24, T. 29 N. 

Uncertain location. 

SWM sec. 35, T, 30 N. 
SEM sec. 14, T, 29 N., 

R. 21 W. 

R. 21 W. 
R. 21 W, 

NWM sec. 23, T. 29 N,, R, 21 W, 
Uncertain location. 

Do. 

SWM sec. 14, T. 30 N,, R. 21 W. 
SEM sec. 26, T, 30 N,, R, 21 W, 

Uncertain location, 
N E M sec. 14, T. 29 N„ R. 21 W. 
Uncertain location. 

(may be in Arizona). 

W, 

I 
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TABLE 29.—List of mines in the Morrison i '̂ormafion—ContinnaH 
Morne Location (aection, toumthip, and range, JITeu, »/. . 
^^*™^ Principal Meridian) ^ ' ^ ^ t 

San Jnan County—Continued 
Shiprock district—Continued 

Shadyside Center N^^ sec. 23, T. 29 N., R. 21 W 
Shadyside Center N3^ sec. 23, T. 29 N., R. 21 W. 

No.2. 
Tent NEM sec. 23, T. 29 N., R. 21 W. 

Valencia County 
Ambrosia Lake district (locaUty 5, fig. 47): 

San Mateo Sec. 30, T. 13 N., R. 8 W. 
(section 30). 

Laguna district (locaUty 6, fig. 47): 
Chaves SEM sec. 22, T. 10 N,, R. 3 W. 
Jackpile Parts of sees. 26 and 35, T. 11 N., R. 5 W. an^ 

N H sec. 2, T. 10 N., R. 5 W. °^ "̂ ent̂  
M-6 SWM sec, 19 and NWM sec. 30, T. 11 N., R 4 rp 
Paguate Sees. 4 and 5, T. 10 N., R. 5 W., and sec. 33 TV, 

R. 5W. ' ^ i i .N ; 
St, Anthony... NEMNWM sec. 29, T. 11 N., R. 4 W. 

NOTE.—In tbe Shiprock and CHioska districts, tbe land is unsurveyed and the mine locations an 
on a projected land net. ^ Û ^ 

TABLE 30.—List of Mines in the Dakota sandstone 
xr«rv.n Location (section, tovtnship, and range. New Mexico 
^ ^ D i e Principal Meridian) 

McKinley County: 
Ambrosia Lake district (locaUty 5, fig. 47): 

Junior NEM sec. 4, T. 13 S., R, 10 W. 
Sec. 5 (West- Sec. 5, T. 13 N., R. 10 W, 

vaco). 
S i lver Spur Sec. 31, T. 14 N,, R. 10 W, 

No. 1, 
Si lver Spur NEM sec. 31, T. 14 N„ R. 10 W. 

No. 5, 
SmaU Stake— S^^SWM sec. 31, T. 14 N., R. 10 W. 

GaUup district (locaUty 3, fig. 47): 
Becenti NWM sec. 28, T. 15 N., R. 17 W. 

SEM sec. 4, T. 15 N„ R. 16 W. 
Christian 16 (U). 
Diamond NEM sec, 33, T. 15 N,, R, 17 W. 

No.2. 
Hogback NEM sec. 12, T. 15 N., R, 18 W. 
Santa Fe Christ SWM sec, 3, T. 15 N., R. 16 W. 

(sec. 3) 
Sandoval County: 

LocaUtv 8 (fig. 47): 
Butler Bros. NEM sec. 23, T. 19 N., R. 1 W. 

No. 1. 

Deposits in Pennsylvanian, Permian, and Triassic rocks.—Deposits 
in r(xjks of Pennsylvanian to Triassic age are mineralogicaUy similar. 
are generally nonvanadiferous, and are referred to as red beds copper 
deposits where worked for copper. These deposits are mostly smal) 
and occur in bleached arkosic sandstone and in carbonaceous shale 
lenses in close association with fossil plant debris, iron and copper 
sulfides, and copper carbonates. They have yielded only a few hundred 
tons of uranium ore, all from rocks of Permian and Triassic age. 
Deposits of this type also occur in steeply dipping beds of carboM-
ceous shale and sandstone of the Sangre de Cristo Formation, of Penn­
sylvanian and Permian age, in the (!!!oyote district. Mora County 
(Tschanz, Laub, and Fuller, 1958), but these deposits are low in grade 
and have been unproductive. 
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% ô  
the Chn 

^-^ounty 
(bounty. 

p e p o 
the mos 
thev ha 
vvhich t 
percent 
The m' 
margii^ 
I^agun: 
d is tnci 
(locali 

T h e 
of a h 
anhydi 
diferoi 
formal 
shape 
and f 1 
the or 
the UI 
20 fee 
the u 
Sumn 
are ii 
when 
A fe^ 
(loca 

Was? 
depo^ 
(195' 
M c L 

T l 
nort 
I t c< 
lens* 
e m 



MINE BAL AND WATER RESOURCRES OF NEW MEXICO 2 1 9 

the 
^ Ijnation in n-aay uounty, tne uutier j^ ormation in m o Arriba 
' ̂ and the Abo Formation in Bernalillo, Sandoval, Sierra, and 

9* '̂ Tounties, Some ore has been produced from the HiUfoot 

formations of Permian age contain scattered deposits, t] 
rmation in Eddy County, the Cutler Formation in Rio Arril 

^%roup (sees, 11-14, T. 10 S., R, 8 W,) and State mineral lease 
^j^sec, 2, T, 12 S., R, 7 W,) in Sierra County (locality 17). 
rhinle Formation has yielded some ore from the Good Luck, 

'^^rounty (sec. 6, T, 7 N,, R, 32 E,, locality 18) (Griggs, 1955, 
%2^194), and the Windy No. 9 (sec, 14, T, 17 N,, R, 23 E., locality 

Other scattered occurrences are found in San Miguel County in 
^'rhinle (Baltz, 1955, pp, 36-39) or in other units of the Dockum 
• p- in the Salitral Shale Tongue, Agua Zarca Sandstone Member, 

poleo Sandstone Lentil of the CSiinle in Rio Arriba County 
^nod and Northrop, 1946); in the Dockum Group in Socorro 

mty; and in the Shinarump( ?) Member of the Chinle in Valencia 
j l ^ t y . ' These stratigraphic units are all of Triassic age, 
^^pgposits in rocks of Jurassic age.—Rocks of Jurassic age contain 
ll most important uranium deposits in New Mexico, Through 1963, 
fcflv have yielded about 21 million tons or 99 percent of the ore, of 
hich the Morrison Formation has yielded about 20 million tons (95 

Ercent) and the Todilto Formation nearly 1 million tons (4 percent), 
IKje most important deposits are largely restricted to the southem 
margin of the San Juan Basin in the Ambrosia Lake (locality 5), 
TjB̂ guna. (locality 6), Smith Lake (locality 4) , and Gallup (l<x;ality 3) 
districts and, of less importance, the Shipr(x:k (locality 1) and Chuska 
(locality 2) districts. 

The lowermost deposits are in the Todilto Formation, which consists 
of a lower limestone unit 5 to 35 feet thick and an upper gypsum-
jinhydrite unit 0 to 75 feet thick. The deposits, generally nonvana­
diferous, are in the limestone unit where it has been deformed by inter­
formational folding and faulting. Some deposits are irrcjgular in 
^ape but most are elongate and range from 20 to 30 feet in width 
and from 100 to several thousand feet in length. Although most of 
the ore is in the lower part of the limestone, it may occur throughout 
the unit, and thus the ore bodies vary in thickness from a few feet to 
20 feet or more. In a few places they extend into the top few feet of 
the underlying Entrada Sandstone or a few feet into the overlying 
Summerville Formation, Most of the deposits that have been mined 
are in the Ambrosia Lake and Laguna districts (localities 5 and 6) 
where ore has been shipped from more than 40 properties (table 28), 
A few thousand tons have been mined from the Smith Lake district 
(locality 4; table 28) and a small amount has been produced from the 
Wasson deposit in Rio Arriba County (locality 7) . Details on these 
deposits and their stratigraphic relations are given by Gabelman 
(1956a, pp. 387^00) , Hilpert and Moench (1960, pp, 429^64) , and 
Mclaughlin (1963, p. 149), 

The uranium-bearing Morrison Formation is distributed over the 
northern one-third of New Mexico and extends into adjoining States, 
It consists mostly of ciaystone or mudstone interbedded with thick 
lenses of sandstone, some of which are conglomeratic. In northwest­
em New Mexico the fonnation is divided into four members. The 

,1 
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lowest member, the Salt Wash, crops out only in the extreme w . 
westem comer of the State, where it contains vanadiferous uranj!'" 
deposits. The other three members, the Recanture, Westwater c ^ 
yon, and Brushy Basin, named in ascending order, extend over most*"" 
northwestem New Mexico; the upper two members contain the larô ^ 
known uranium deposits in the State, those located between GrafiT̂  
and Albuquerque. The Morrison Formation has not been subdiviJ?? 
in northeastem New Mexico. Details of the lithology, thickness, J l 
areal distribution of the members of the Morrison in northwest^^ 
New Mexico are contained in Raoaport and others (1952), Sjj>:ĵ  
(1954), Kelley and Wood (1946), Craig and others (1955), Freem? 
and Hilpert (1956), Strobell (1956), and Hilpert (1963). "̂̂  

The uranium deposits generally occur in thick gray sandstone bedg 
where these beds contain relatively thin and discontinuous lens^^ 
ciaystone and abundant carbonized plant debris or fine-grained (ĵ j. 
bonaceous material. The deposits are generally more or less elongaji 
masses that oocur in one or more layers and in belts or trends that â  
alined with the sedimentary structures of the enclosing host rocfe. j ^ 
the Gallup (locality 3), Smith Lake (locality 4), and Ambrosia Lake 
(locality 5) districts, the principal deposits are in the Westwater 
Canyon Member and some are in the overlying Brushy Basin Member 
In the Laguna district (locality 6), they are mainly in the Jackpjij 
sandstone (of local usage) in the upper part of the Brushy Basin 
Member. The principal mines in these deposits are listed in table 29 
(Hilpert and Moench, 1960; Granger and others, 1961; Soc, EC(HL 
Geol., 1963). The uranium deposits in the Chuska district (locality 
2) are mostly in the Recapture Member and those in the Shiprock 
district (loctdity 1) are in the Salt Wash Member (table 29), ()nly 
the ores in the Salt Wash contain enough vanadium to be mined for 
this metal alone or as a coproduct with uranium; they have a U:V 
ratio of about 1:10. 

Outside the six principal districts (localities 1 to 6, inclusive), scat­
tered deposits oocur in the Morrison Formation, but they are mostly 
small; these occurrences include the Westwater Canyon Member in 
Sandoval County (locality 8; table 29); a sandstone unit at the top 
of the Brushy Basin Member in Rio Arriba County; unnamed sand­
stone beds in northwestem Quay County (Griggs, 1955, pp, 192,195); 
and one in Harding County (locality 19). A few hundred tons of ore 
have been mined from the deposits in Sandoval and Harding Counties. 

Deposits in rocks of Cretaceovis age.—Deposits in rocks of Cretaceous 
age are generally small and low grade and consist of impregnations 
of yellow uranium minerals and dark-colored unidentified minerals 
finely disseminated in carbonaceous sandstone, uraniferous carbona­
ceous shale, and impure coal (Gabelman, 1956b, 303-319), The most 
important deposits are in the Dakota Sandstone, from which four 
properties in the Grallup district (locality. 3), five properties in the 
Ambrosia Lake district (locality 5), and one property in Sandoval 
County (locahty 8) have yielded about 60,000 tons of ore (table 30). 
The only other productive deposit is the Midnight No, 2 (NW14 sec. 
12, T, 2 N., R. 11 W,) in the Point Lookout Sandstone in Catron 
County (locality 11), from which some ore has been mined. Other 
deposits occur, mostly in the Mesaverde Group, in Catron (locality 
11), McKinley (locality 5), Sandoval (locality 8), north-central and 
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j;ji"«^estem San Juan, and westem Socorro Counties, Of these, 
largest is contained in the La Ventana Tongue of the Cliff House 
jstone at La Ventana Mesa (locality 8) , Sandoval County, Here 
uranium is in a zone several feet thick that includes three beds: 
upper bed, 6 inches to 6 feet thick, of gray sandstone; a middle 

2 inches to 4 feet thick, of coal and impure coal; and a lower 
' as much as 10 feet thick, of carbonaceous shale. The middle bed 
tains the highest grade material (Bachman and others, 1959), 

''peposits in rocks of 2'ertiary and QvMemary{f) age.—Deposits 
rocks of Tertiary and (Quatemary (?) age are also generally small 

Ifld lo^ grade. They consist mostly of coatings of camotite, tyuya-
^^jjiite, schroekingerite, and meta-autunite in iron-stained carbonace-

sandstone and siltstone. They occur mostly in Catron (loca.lity 
and northwestem Socorro Counties in the Eocene (?) Baca Forma­

tion; itl Rio Arriba County along the eastem side of the San Juan 
Sasi'n in the Paleocene Nacimiento and Eocene San Jose Formations; 
^ ^ a s t e m Rio Arriba C!ounty in the Miocene, Pliocene, and Pleisto-
'5gjie(?) Santa Fe Group; in northeastem San Juan (Jounty in the 
Can J^^se Formation; in southeastem Sandoval County in the Eocene 
-pd 01igocene(?) Galisteo Formation; and in northem Santa Fe 
/Vjunty in the Santa Fe Group and in the southem part of the County 
Jn the Galisteo Formation, Ore has been mined only from the Red 
pasin No, 1 (NE14 sec, 19, T. 2 N,, R, 10 W,) , which is in a carbonace­
ous sandstone lens at the base of the Baca Fonnation (Bachman and 
others, 1957, pp, 11-12), Catron County (locality 11). 

V E I N DEPOSITS 

Uranium in vein deposits in New Mexico occurs in a wide variety 
of rock types and structures. These are not an important source of 
uranium, having yielded only about 15,000 tons of ore through 1963, 
TTie ore has come mostly from fault-controlled deposits in sedimentary 
rocks along the Rio Grande structural trough in Socorro County 
(localities 12 and 16), and from fissure veins in La Bajada area, 
Santa Fe County (locality 9), and Grant County (localitjj^ 14), Small 
amounts have been yielded by deposits in brecciated sedimentary and 
volcanic rocks from Catron (locality 10), Sierra (locality 13), and 
Hidalgo (locality 15) Counties, and from pegmatites in San Miguel 
County (locality 21), The vein deposits are summarized by county 
in table 31, 

fH 
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TABLE 31,—Uraniferous ve<» deposits and occurrences in New MecHco. to 
bO 

Name Location (section, townBhlp, and range, 
New Mexioo Principal Meridian) 

Oeology References 

Bernalillo County: 
Cerro Colorado-Archuleta 

Catron County: 
Baby 

ColCax County: 
Blasted Pine 

Dona Ana County: 
Blue Star 

Grant County: 
Floyd Collins (probably same 

as Merry Widow). 
Inei (7-X-V Ranch) 

nines No. I 

Langford 

Black Hawk district 

Hidalgo County: 
Napane 

Lincoln County: 
Prince 

Bllverton 

Luna County: 
Cooks Peak area 
Name unknown... 

1, 9 N., 1 W. (projected; unsurveyed 
land). 

20,10 S., 19 W. Oooallty 10, flg. 47)... 

1, 27 N., 28 E 

13, 24, 28, 24 8., 8 E. (locality 33, fig. 

47). 

21-22,20S., 15 W. (locaUty 14, fig. 47).. 

24, 20 S., 18 W. (locality 14, flg. 47).... 

84,21 B., 14 W 
28, 22 8., 16 W 

21,18 8., 18 W 

28, 29 9., 14 W. (locality 18, Sg. 47)... 

14,eS.,ll R. 

22,8 8., 18 E. 

ia-18(T), 20 a. , B W . 

13, SOS.. I I W 

Yellow orantum minerab In fractures In Tertiary rhyolite 
dome. 

MlneraUsed fault In Tertiary andesite agglomerate 

Radioactive vein or fracture In Dakota Bandstone near 
Tertiary intrusive. 

Uraniferous fluorite In faulted limestone and shale of Mag­
dalena Group. 

Autunite and torbemlte occur In quarti-pyrite veins that 
out Precambrian granite. 

Similar to Floyd CoIUns (above) 

Uraniferous fluorite and autunlte(T) In quartzite breccia 
In shatter tone In Cambrian and Ordovician BUB8(r) 
Sandstone. 

YeUow uranium mineral and uraniferous fluorite in sUlcl­
fled breccia cone In Precambrian granite. 

Pitchblende occurs in Assure veins In association with 
various nickel, cobalt, and silver minerals. The veins 
are principaUy In the Black Hawk, Oood Hope, and 
Alhambra mines along the southeast side of the Tertiary 
Twin Peaks montonlte stock. 

SlllclQed tone (veInT) In Cretaceous limestone 

A pyrometasomatic magnetite-hematite replacement of 
limestone In the Permian Yeso Formation at the margin 
of the Lone Mountain monr.onlte stock. The uranium 
is In unidentified minute particles In the magnetite and 
In secondary coating In fracture and pore spaces. 

Radioactive brecciated fault tone In Tertiary monzonite 

Uranlum-bearlnx fluorite In vein outtlnr Oarboalteroiu 
Jlmefltono. 

Autunltorr) with Irca mnd eopper mulUda In bnoouted, 
•UIOIIIMI. OmrbaaUttmaa Iton—foo». 7 

Wright, 1043, pp, 43-46; writer's fleld 
noies. 

A. P. Butler, Jr., written communication, 
September 1964, 

A. P. Butler, Jr., oral oommunloatlon, 
September 11)64. 

A. P. Butler, Jr., written communication, 
September 1964. 

Lovering, 1086; A. P. Butler, Jr., written 
communication, September 1064. 

A. P. Butler, Jr., written oommunloatlon, 
September 1964. 

Lovering, 1986, pp. 883-383. 

Lovering, 1086, pp. 888-384. 

QUlerman and Whitebread, 1986. 

A. P. Butler, Jr., written oommunloatlon, 
September 1904. 

Walker and Osterwald, 1986, pp. 213-222. 

A. P. Butler, Jr., written oommunloatlon, 
Sept6inberlP04. 

Do. 
D i f . 



Rlo Arriba County: 
Beryl (may be same as the 

Lonesome deposit). 

Pino Verde 

Kiawa 

North Star 
TusasA JOL 

Sandoval County: 
MIml No. 4 

Peralta Canyon 

Santa Fe County: 
La Bajada 

Sierra County: 
Pitchblende Strike 

Socorro County: 
Charley No .2 (Jeter) 

Shaft 

Agua Torres 

Marie 

Carter-ToUlver-Cook . — 

Lucky Don 

Little Davie 

•iM 

Possibly N E U 1,26 N., 8 E., or SWH 
38, 27 N., 8 E. 

NW H If*. 26 N., 9 E . 

II . 27 N., 8 E 

mmm 

31, 27 N., 9 E 
24, 28 N., 7 E., and 18. 28 N., 9 E. (un­

certain). 

4, 12N., 6 E . 

9, 17 N., 8 E. (projected; unsurveyed 
land). 

9, 16 N. , 7 E. (projected, unsurveyed 
land) (locality 9, flg. 47). 

26, 10 8., 6 W. (localUy 13, flg. 47 ) . . . . 

36, 3 N., 2 W. (locality 16, flg. 47) 

10,1 8.,2 W 

1,1 8., 2 E. (locaUty 12, flg. 47) 

12 and 13,1 S.,2 E. (locality 12, flg. 47) 
8 and 8,2 8., 1 W 

38, 2 8., 2 E. (locaUty 12, flg. 4 7 ) . . , . . . 

88, 2 8., 2 E. (locality 12, flg. 47) 

BamarsUte, uraninite, cumnilto, aaA manatlVs <Mtnz* 
sparsely with oolumblte-tantalateB In a mlcrocAlne-qaaztt 
pegmatite body. 

A nurrocUne-quartz pegmatite dike that contains sparse 
columbite, samarskite, monazite, and uraninite. 

Samarskite, magnetite, and bismutite occur In fractures 
In massive quartz In a mIcrocUne-quartz pegmatite 
dike. 

Similar to Pino Verde (above) 
Autunite, torbernite, and sabugallte sparsely disseminated 

In Precambrian Petaca Schist along walls of purple 
fluorite veins. 

Autunite occurs along fractures near base of trachyte siU 
that intrudes the Mesaverde Group. 

Torbernite and uranophane. asioclated with copper oxide.', 
coat fracture s'ltfaces and QU open space of brecciated 
rhyolite. 

A complex deposit of various metallic sulfides along the 
brec?lated footwaU of a llmbumlte dike In the Tertlarv 
Espinaso of Steams (1043). Uranium (in unidenti-
flpd minerals) Is disseminated \n podlike zones with 
the sulfldes. 

Uraninite and uranophane In brecciated l>ody of chert and 
limestone (Madera Limestone) enclosed in Tertiary 
andesite. 

Caraotite, tyuyamunite, autunite, and pitchblende are 
disseminated in a roughly tabular zone of clayey material 
and bleached tuffaceous sandstone along the base of the 
Popotosa Formation where It Is In fault contact with 
underlying Precambrian granite. 

Torbemite(7) and caraotlie(r) associated with copper 
carbonates in shear zone in trachyandesite of Tertiary 
Datil Formation. 

Fracture fllUngs of yeUow uranium mineral In siUceous 
Umestone breccia on west side of fault that separates the 
Madera and Abo Formations. 

Similar to Agua Torres (above) 
Camotite and uranophane, associated with Iron, lead, and 

copper sulfldes oocur In maflo dikes that crosscut Pre­
cambrian granite and metamorphic rock. 

Tabular deposit of disseminated camotite and tyuvamu-
nite in Snn Andres Limestone in footwall of a fault that 
separates the Permian San Andres and Yeso Formations. 

Deposit Immediately south of, and similar to. Lucky Don 
(above). 

IQA. I tn , 9, «i-.iikM,'«M»,'v»,'vn-Ma. 

latans, 1040, pp. 181-lM. 

Jahns, 1946, pp. 106-116. 

Jahns, 1046, pp. 144-146. 
Anonymous fUe data, probably from AEC. 

O. E. Collins, written communication. 
May 19S6. 

Jone<), 1904, p. 842; Lindgren, Graton, and 
Gordon, 1910, p . 162. 

Writer's fleld notes and J. W. Hasler, 
written communication, October 1988. 

Everhart , 1956b, p . 00; A. P. Butler, Jr., 
written communication, September 1964. 

Writer's fleld notes and miscellaneous AEG 
file data. 

Gott and Erickson, 1962, pp. 4 and 13. 

AEC file data. 

Do. 
Anonymous flie data. 

Writer's fleld notes. 

Do. 

to 
CO 

i'1'flBWfl*-ffTniPH»»ti*.'«r^f-f^^T""*'^ • 
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TABLB 31,—Uraniferous vein deposits and occurrences in New Mexico—Continued 

Name 

Valencia Oounty: 
Woodrow 

Location (section, township, and range. 
New Mexico Principal Meridian) 

86,11 N., 8 W. (locality 6, flg. 47) 

Geology 

Coiflnlte and other uranium minerals, pyrite, and mar­
casite impregnate breccia In periphery of a vertical pipe 
structure In Morrison Formation. 

References 

HUpert and Moench, 1960; WyUe, 1968, 
pp. 177-181. 
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RESOURCES 

January 1, 1963, the U.S. Atomic Energy Commission esti-
he uranium reserves in New Mexico to be 32,5 million tons of 

sd \Lmng about 0,25 percent UsOg and containing 79,000 tons of 
t-f^^^l^^ongh more than 2 million tons of ore were mined in 1963, 

jt-^ rve remained about the same in early 1964 as a result of mine 
I fp^ gnt. This reserve is roughly one-half of the U.S. total ore 

!*^ and enough to sustain a mine yield for 10 to 15 years at the 
- v^e of extraction. 

r rf Mexico's reserves are almost entirely in relatively thick sand-
'^* units in the Westwater Canyon and Bmshy Basin Members of 
^Sforrison Formation in the Ambrosia Lake and Laguna districts, 

•^iTnley and Valencia Counties, Relatively small reserves are con-
j(|C^ in the Todilto Limestone and Dakota Sandstone in these same 

ft^^cts and the remainder is scattered throughout various formations 
; i » ^ e r parts of the State, 
'fl^ addition to these ore reserves, an appreciable tonnage of material 

/submarginal grade occurs on the peripheries of the Iniown ore de-
^£j)^ especially those in the Ambrosia Lake district. This material 
l ^ n o t been thoroughly sampled, and its tonnage has not been calcu-
I ted ^^^ ^̂  probably amounts to several million tons of material 

gragin? 0,1 percent UsOg or a little less. This material cannot be 
Lcovered profitably under present economic conditions and may be 
Jfpoverable only at high cost after the mines are closed. 

In contained uranium this peripheral submarginal material may 
^-gatly exceed all other submarginal uranium resources in New 
U^ico, even though many low-grade or submarginal deposits are 
ujiô v-n in the State (see symbols for "occurrences" on fig, 47). Al­
though an accurate appraisal cannot be made of these occurrences, 
because exploration and sampling of most of them has not been ex­
tensive, none appears to be large. One of the most promising of these 
js in La Ventana Mesa area, Sandoval County; Bachman and oth­
ers (1959, p. 307) calculated it contains 132,000 tons of material, 1 foot 
or more thick, containing at least 0,1 percent uranium, and about 
400,000 tons between 0,01 to 0,1 percent uranium. 

Most of the potential resources probably occur in the southem 
San Juan Basin mineral belt,- This is a belt of favorable ground 
defined by numerous sedimentary, structural, and other geologic 
features which indicate it extends from the -incinity of Gallup east­
ward to the vicinity of the Rio Grande Valley (Hilpert and Moench. 
1959). I t is about 80 miles long, roughly 20 to 25 miles wide, and 
includes the Gallup, Smith Lake, Ambrosia Lake, and Laguna dis­
tricts. Most of the resources in this belt probably will be found in 
relatively thick sandstone beds in the Westwater Oanyon and Bmshy 
Basin Members of the Morrison Formation. The deposits will gen­
erally occur at depths of 1,000 feet or more below the surface, with 
the (iepths increasing northward from the outcrop toward the center 
of the San Juan Basin, 

Undiscovered deposits also are likely to cK5cur in the Todilto Lime­
stone where the limestone has been contorted and broken. These 

1 John A. Patterson, address before the National Western Mining Conference, Denver, 
Colo.. Feb. 8, 1963. 

=> Referred to by Kelley and others (1963) as the Grants mineral belt. 

m 
'if. 
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deposits may be expected to be small, however, and will occur te 
hundred feet stratigraphically below the Morrison deposj^^^ 
posits also may occur in the Dakota Sandstone, These also at*̂  
likely to be large, but as they occur stratigraphically above tha iXl 
rison they may be found and exploited together with the d TI 
Morrison deposits, * ^ i 

In addition to the potential resources in the southem San j r l 
mineral belt, a fair potential exists in the eastem parts of the Shin ""̂  f 
and Chuska districts. In the Shiprock district the known den?^' 
are in the Salt Wash Member of the Morrison where this m^ 
is relatively thick. The thick part apparently extends eastwat^j^ 
the San Juan Basin, as shown by thiclaiess data and dip directioj^J 
sedimentary structures (Craig and others, 1955, figs, 21 and 26). j ^ 

Recapture Member ot the Mornson wnere tne mem oer crops out ua 
also is relatively thick (Craig and others, 1955, fig. 22), The ^ 
mentary structures here also indicate an eastward trend (L. C. c j ^ 
written communication, 1962) and, along with the relatively thX 
sandstone, suggest an eastward projection of favorable ground, Tp? 
undiscovered deposits in this ground also will occur at depths of sevenj 
hundred feet or more, ^ 

Other potential resources in New Mexico are expected to be relj, 
tively small and mostly unimportant from the standpoint of tk 
uranium industry. Many deposits are likely present in sedimentart 
rocks of Permian, Triassic, and Ter'tiary^ ages. Most of them, hou. 
ever, are expected to be small because of the relative thinness of tî  
sandstone and lack of carbonaceous debris in the units. The moi 
favorable units appear to be the Cutler Formation of Permian aa, 
the Agua Zarca Sandstone Member and Poleo Sandstone Lentil, boH 
of Triassic age, along the eastem margin of the San Juan Basiiv 
and the relatively thick sandstone units at the base of the Tertian 
Baca Formation, in Catron and Socorro Counties, 

The potential for uranium in vein deposits is small. The best 
potential is probably for deposits in sedimentary rocks associated 
with faults along the Rio Grande Trough, and in complex fissure 
veins that contain assemblages of other metals in the White Signal, 
Black Hawk, and Los Cerrillos districts in Grant, Sierra, and Santa 
Fe Counties, respecftively. Some of these deposits may prove to be 
profitable as small operations, although their output is not expected 
to constitute an important part of New Mexico's uranium industry. 

iiii l̂  

VANADIUM 

(By R. P. Fischer, U.S. Geological Survey, Denver, Colo.) 

The consumption of vanadium in the United States has been in­
creasing gradually, according to figures published by the U.S, Bureau 
of Mines, Consumption was about 2,000 short tons each year in 1960 
and 1961, about 2,300 tons, in 1962, and about 2,900 tons in 196.3. 
Of these totals, 75 tq 80 percent have gone into special engineering, 
strudtural, and tool steels, where it is used as ah alloy to control 

b-
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. size, impart toughness, and inhibit fatigue. The other princi-
M^ jpestic uses have been in nonferrous alloys and chemicals. 

•"rf-he bulk of domestic supplies, and nearly half of the world supply, 
- -lonie from vanadium-uranium deposits in sandstone in south-
^*^-rn Colorado and the adjoining parts of Utah, Arizona, and 

, ]^exico. Other principal sources of vanadium include a de-
*^t of vanadium-bearing asphaltite in Pern, vanadate minerals 
^ the oxidized zones of some base-metal deposits in Africa, and 

_̂ ^'^jjurn-bearing iron deposits in Europe aJid Africa, These and 
rt^Mj^j, iron deposits in many parts of the world contain ver\^ large 
lfi^^j.(.QS of vanadium. Probably they will become increasingly im-
' ^ a n t as sources of vanadium in the future. 

^'^Of these four principal types of commereial vanadium deposits, 
: • ly two are known in New Mexico, vanadium-uranium deposits in 
^ dstone and vanadate deposits with base metals. Each type has 
^ I d e d a small amount of vanadium, but the exact amount has not 
/Lji reported in publication. Known occurrences of these types are 
^ w n on figure 47, which also shows uranium occurrences in New 
ifexico. 

tJranium deposits in sandstone are numerous in northwestem New 
«(exico (fig- 47), and some of those in McKinley and Valencia Coun-
i.jes are large, yielding important amounts of uranium ore. The 
average vanadium content of most of these deposits, however, is 
ply a few tenths pf 1 percent V20.^ or less, which is too low to make 

its recovery profitable, although a little vanadium has been recovered 
in processing some uranium concentrates. One group of deposits 
C îo. 1, fig- 47) along the Arizona State line in northwestern San 
Juan County, on the other hand, yields ore containing more than 1 
percent V0O5, During World War I I these deposits were mined 
for vanadium alone, and since the late 1940's they have been mined 
for both vanadium and uranium. Ore production from these deposits, 
however, has been relatively small. 

The total content of vanadium in the known sandstone-type deposits 
in New Mexico amounts to many thousands of tons. Because of the 
low vanadium content in most of these deposits, however, very little 
of this metal can be recovered profitably unless economic or tech­
nologic factors change to favor vanadium. The geology of these 
deposits is described in the section on uranium in this report. 

Crystals of lead, zinc, and copper vanadates are common in the 
oxidized zones of base-metal deposits in areas of arid or semiarid 
climates in many parts of the world. Generally these crystals are 
irregularly scattered in the oxidized zones, though in places they are 
concentrated in patches or bodies from which some material of com­
mercial^ grade can be obtained by selective mining. In Southwestem 
United States, vanadate minerals occur in many deposits but only 
a few of these have yielded commercial vanadium ore. 

Vanadate minerals have been reported in at least 14 mining dis­
tricts in New Mexico (fig. 47), but production has been reported only 
from locality a, the North Magdalena district (Lasky, 1932), Socorro 
County: locality b, Hall mine, HiUsboro district (Lindgren and 
others, 1910; Anderson, 1957) and localitv c, Caballo Mountains dis­
trict (Hess, 1912; Lasky and Wootton, 1933; Kelley and Silver, 1952), 
Sierra County; and locality d. Lucky Bill mine. Central district 
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(Larsh, 1913; Lasky and Wootton, 1933; Lasky, 1936), Grant (^ 
None of these are credited with a sustained vanadium output i? 
ever, so the yield is assumed to be small. Data for a quantitjV 
resource appraisal are not available, but no significant prodn3i 
of vanadium is likely from any of the known deposits. 

SELENIUM AND TELLURIUM 
(By D, F, Davidson and H, C, Granger, U.S, Geological Survey, Denver r^ 

SELENIUM 

Selenium is an allotropic element that is widely distributed in snuj, 
quantities in the earth's crust. Where chemically pure, it may ] ^ 
the form of brick-red amorphous powder, a ^ray metallic crystalJi? 
mass, or red crystals. Selenium can act as either metal or nonmet̂  
electrical conductor or insulator, hydrogenator or dehydrogen^ 
colorant or decolorizer. I t is toxic and is the only element that isoft«J 
present in healthy plants in large enough quantities to be lethtl •« 
grazing animals. 

High-purity selenium is used chiefly in electronic applications; com. 
mercial-grade selenium is consumed by the chemical, rubber, metal, 
lurgical, ceramic, and glass industries. Anode slime from electrolytĵ  
refining of copper is the principal commereial source of selenium, bm 
lesser quantities are recovered from lead smelter flue dusts. 

Most commonly, selenium is combined in sulfide or selenide mij. 
erals associated with copper, uranium, silver, antimony, and other met­
als; it occurs infrequently in the native state. No ores are mined 
exclusively for selenium. Selenium is known to occur in two principal 
kinds of deposits in New Mexico: (1) with uranium in sand̂ <Mie 
deposits in the Ambrosia Lake or Grants district, Valencia County, 
and (2) in very low concentrations with uraniferous coal or coaly 
materials in the Hagen and La Ventana district, Sandoval County 
(%-48). 

The seleniuin that occurs with the uranium ores being mined in the 
Grants uranium district may represent a future source of the element 
The iron diselenide mineral, ferroselite, and gray native selenium have 
been identified but much of the selenium may occur in forms not yet 
recognized. Typical uranium ores from the Grants district contain 10 
to 50 parts per million selenium. Local concentrations, particularly at 
the interface between oxidized and unoxidized host rock, may contain 
from several hundred parts per million to several tenths of a percent 
seleniimi. Because many million tons of uranium ore will be mined 
from the Grants uranium district by 1970 several hundred tons of 
selenium will have passed through the uranium mills. I t has been 
generally conceded, however, that the overall grade of the selenium 
is too low to recover economically, and large-scale mining of th« 
uranium does not permit selective mining of the selenium concentra­
tions. Because of tendency of the selenium to move under oxidizing 
conditions and to be reconcentrated under reducing conditions in the 
vicinity of the ore deposits, it is possible that parts of the taiUngs piles 
from the uranium mills may become selenium ore deposits after long 
exposure to weathering. 
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E X P L A N A T I O N 

S e l e n i u m o c c u r r e n c e s 

I . Hagan c] i s t r i c t 

2. La Ventana district 
3. Ambrosia Lake district 

Tellurium occurrences 
y. W i l C O K d i s t r i c t 

5. Ute Creek district 
6. Organ district 
7. Little Burro Mountain district 
8. Sylvan ite district 

9. HiiIsboro district 
10. Red River district 

FIGURE 48,—Selenium and tellurium in New Mexico, 

es 
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TBLLtJKTDM 

Tellurium is a toxic tin-white element that resembles antimony ijj 
appearance and is related to sulfur and selenium. I t is neither as 
wiaespread nor as often concentrated as sulfur or selenium. It occurs 
in the native state and in more than 40 minerals, none of which is 
prcwessed solely for the element. The tellurium of commerce is re­
covered as a byproduct during the refining of copper and lead ores. 
Only small quantities of tellurium are required for most of its applica. 
tions in the ceramic, chemical, metallurgical, and rubber industries-
it has been substituted satisfactorily for selenium in some applications 
when that element was in short supply. The future of tellurium is 
uncertain. I t is potentially useful in thermoelements which convert 
heat from solar energy or other sources to electricity, and may become 
increasingly important in space travel. 

Tellurium has been found in at least seven mining district in New 
Mexico, associated with gold deposits (fig, 48). Tellurium or tellur­
ium minerals have been described from the Wilcox district, Catron 
County; Ute Creek, Colfax County; Organ district. Dona Ana 
County; Little Bmno Mountain, Grant County; Sylvanite, Hidalgo 
County; HiUsboro, Sierra County; and Red River, Taos County. 
Only one occurrence, at the Lone Pine mine, Wilcox district, has been 
explored as a possible source of tellurium: there, at least 5 tons of 
high-grade tellurium "ore" have been produced since the early 1930's. 

THORIUM 

(By M. H. Staatz, U.S. Geological Survey, Denver, Colo.) 

Thorium is a silver-gray metal that, like uranium, is the parent 
of a series of radioactive decay products ending in a stable isotope 
of lead. Because of this characteristic, thorium is a potential source 
of atomic power. Thorium, however, unlike uranium, does not contain 
a fissionable isotope to start the reaction. The uranium isotope U"*, 
the only naturally occurring fissionable material, must be added. Once 
the reaction has begun, neutrons resulting from the U^" fissions will 
convert the thorium into U ' " (Kelly, 1962, pp, 24-25), The useof 
thorium for nuclear energy is in the experimental stage and is in c<»a-
petition with relatively cheap and abundant uranium. By 1961, the 
U,S. Atomic Energy Clommission had built or committed for construc­
tion five different types of reactors to study the use of thorium as a 
nuclear fuel (Baker and Tucker, 1962, p, 1211), The first commercial 
nuclear plant to use thorium as a fuel became operative in August of 
1962 (Parker, 1963, p, 1199), Thorium also has a number of industrial 
uses. Over 90 percent of the thorium used in the United States goes 
into gas mantles and thorium-magnesium alloys. Minor amounts of 
thorium are also used in refractories, polishing compounds, chemicals, 
drtigs, and electronic products. Experimental work has been carried 
out on thorium-nickel alloys. 

Thorium occurs in a large number of minerals, but only a few of 
these have been found in sufficient concentrations to be used as OIWL 
In many minerals it is associated with the rare earth elements. The 
most important source mineral for thorium in the world is monazite, 
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, osphate of the cerium group rare earths. The thorium content of 
pV r ^ e n l is variable, but commereial monazite contains between 
t l^ 10 percent thorium oxide (ThOz) and 55 to 60 percent combined 
5 ̂  gftrth oxides (KeUy, 1962, p. 5). Monazite is found in pegmatites, 
r***^t;es, syenites, carbonatites, veins, metamorphic rocks, and m recent 
I'^lfossil placers. Other potential sources of thorium are the min-
*** Is thorite and thorogummite, and multiple-oxide minerals such as 
e ^ p i t e , samarskite, and fergusonite. Thorite and thorogummite are 
*'^nd ID veins and p^mat i tes . The multiple-oxide minerals oocur in 
^^J^atites and in placers derived from pegmatites. 
P^S'̂ e present thorium requirements of the United States are small 

moared to many other metals. I n 1961 only 121 tons of ThOz were 
^ Z ^ m this country (Baker and Tucker, 1962, p, 1210). Most of the 
5 ^ 2 used in the United States in 1962 was derived from Canadian 
Aniuna sludges and from South Africa's Vanrhynsdorp monazite 

irtde (Parker, 1963, p. 1200). Some monazite has also come in recent 
^ r s from placer deposits in North Carolina, Florida, and Idaho. 
^ jUthough thorium deposits are known in a number of places in 
Ifgw Mexico, to date no thorium has been produced. The known 
ijgw Mexico deposits are either smaller or of lower grade than similar 
deposits in other States, Furthermore, the marketing of thorium 
j,es is difficult throughout the United States because there is no estab­

lished market comparable to those for the more widely used metals 
and the prices of the ores are generaUy determined by negotiation be­
tween buyer and seUer, DetaUed information on economic factors 
bearing upon thorium, is given in a recent publication by the U.S. 
pureau of Mines (KeUy, 1962). 

In New Mexico thorium has been found in veins, pegmatites, and 
fossil and recent placers. Thorium-bearing veins are ^ u n d in four 
parts of the State (Nos. 7,19, 20, and 23, fig, 49). The most northem 
of these is in the Chico HiUs (No, 7) , where at least seven veins rang­
ing, from a fraction of an inch to 15 feet in width have been found m 
irregularly brecciated zones in Dakota sandstone and in phonolite. 
Their exposed length is from 10 to 550 feet. Vein material consists 
principally of quartz, iron-oxide minerals, thorite, plumbogummite, 
and broclnte; brockite is the principal thorium mineral, A number 
of the veins averages 0.3 percent thorium oxide. 

The second locality occurs in the Capitan Mountains (No, 19), 
where a number of irregular veins, similar to those in the Chico Hills, 
occur in brecciated fine-grained granite. Their thickness is extremely 
irregular, ranging from less than an inch to 8 feet. Most can be 
traced for distances of less than 100 feet. Thorite is the principal 
thorium mineral. Grade is highly irregular and may vary from a 
few hundredths to several percent thorium oxide within a few feet 
along the vein. 

The third l(x;ality is at the southem end of the Caballos Mountains 
(No, 20), where scattered veins of orangish-red feldspar which cut 
jrranite of Precambrian age contain thorite, iron-oxide minerals, and 
rutile, A yellow uranium mineral and the rare earth mineral, bastnaes-
ite, are also found in one of the veins. These veins are from a few 
inches to several feet wide and as much as several hundred feet long. 
Thorium content is erratic and some veins contain only a few hundred­
ths of a percent of thorium oxide; others as much as 0.5 percent. 
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U. Toadlena 

5. Petaca district 
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9. Standing Rock 
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11. Miguel Creek done 

12. Arroyo Torreon area 

13. PidI ite pegmatite 
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15. Dalton Creek 

16. Sparks-Stone pegmatite 

17. Bull Creek 

IB. Gal I inas Mountains distr ict 

19. Capitan Mountains 

20. Caoallo Mountains 

21. High Noon pegmatite 

22. Gold Hi 11 district 

23- Grandview 

2>J. Hind Ktountain 

Veins containing rare earths 

FiGuaE 49.—Thorium and rare earths in New Mexico. 
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fourth locality is near the Gold Hill area (No. 23), where two 
'''^u areas in a basalt dike have been weakly mineralized. These two 
/ " hav^ small veins containing thorite. Grade of this rock is less 
t^^Q 1 percent thorium oxide, 

?J1J»^ Ijatites containing thorium minerals are found in the north-
1̂  ̂ r t l and southwestem parts of New Mexico (fig, 49), Thorium 
;i)«P*'^n reported in these areas in one or more oi the following 

| M ^ rftls' monazite, samarskite, euxenite, fergusonite, and allanite 
^•f^Sv and Adams, 1962; Jahns, 1946; Jahns, 1953, p, 1090; Northrop, 

(£7 p. 220; Anderson, 1957, p, 119). Monazite and samarskite are 
^ iiost common. The thorium minerals are generally erratically 

%• *^^*ered through a narrow zone in the pegmatite and are too sparse to 
^ •"tve as a source of thorium, although crystals of monazite and 

•^arskite from the Petaca district (No, 5) have been sold to museums, 
Kecent placers are the principal source of thorium minerals in most 
f|oj^; however, in New Mexico only trace amounts of thorium min-

'^Is have been found in such deposits. Thirty-five fossil placers, 
^'finly sandstones, contain monazite in northwestem New Mexico (fig. 
^Q\. Twenty-seven of these fossil deposits are found in a zone north-
Lst of Shiprock (No, 1). They represent consoUdated beach sands 
ontaining various heavy minerals that were concentrated by waves 

^ d currents along an ancient beach (Dow and Batty, 1961, p, 3), 
All the deposits occur in sandstones of Late Cretaceous age. The fossil 

5
1acers are lenticular or crescent shaped and generally not continuous, 
'hey range from about 50 to 7,300 feet long, 30 to 800 feet wide, and 

ft half to 14 feet thick (Chenoweth, 1957, p, 213; Dow and Batty, 1961, 
pp. 34-40), Heavy mmerals make up 50 to 60 percent of these sand­
stones and consist of ilmenite, leucoxene, zircon, and garnet, with mi­
nor amounts of monazite, rutile, spinel, epidote, magnetite, and tour­
maline. New Mexico deposits contain an estimated 4,751,000 tons of 
titaniferous sandstone having a weighted average of 0,1 percent equiv­
alent thorium oxide, 12,8 percent titanium oxide, 15,5 percent iron, and 
2.1 percent zirconium oxide (Dow and Batty, 1961, p, 45), The greater 
part of these resources is concentrated in a deposit near Sanostee 
(No, 3), which is 7,300 feet long, 200 to 800 feet wide, and 1 to 14 feet 
thick. It has an average grade of 0,12 percent equivalent thorium 
oxide, or twice the grade of the next richest deposit (Dow and Batty, 
1961, p, 40), A detailed description of this deposit is given by Bingler 
(1963), 

Thorium deposits of New Mexico are not likely to be mined in the 
near future. In part this is due to the small demand for the element 
and to present competition from more cheaply mined foreign ores. In 
part this is also due to the small size and low grade of most of the 
loiown deposits. Present uses do not favor an increased demand in the 
immediate future, but the possibility of increased use of thorium as 
a source of power in atomic reactors or in some of the new special-use 
alloys now being developed suggest an increase in the not too (iistant 
future. Additional uses will depend on advances in technology, which 
may result from current and projected research. The largest tonnage 
of thorium known in the State is in the fossil placer deposit near 
Sanostee, This placer is primarily a titanium property from which a 
thorium concentrate could be produced as a byproduct. The long 
distances to markets, however, do not favor operation of this placer in 
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the immediate future. The known vein deposits are too small« 
the thorium is too erraticaUy distributed to compete in the near f^J^ 

ir and richer vein deposits in Idaho and Colorado. ^ with bigger 
Possible exploratory targets for thorium in New Mexico iî ĵ 

veins that are larger and higher in grade than those now known, y • 
deposits are commonly found near alkalic rocks, such as ^enite ^ 
phonoUte, and areas surrounding this type of rock, as in the Gallip 
Mountains in Lincoln County or in the Comudas Mountains in o j ^ 
County, should be examined first. Further exploration for l a j ^ 
deposits might also be carried out in the Chico HUls (No, 7) and aJ 
Capitan Mountains (No. 19). 

RARE EARTHS 
(By J, W, Adams, U,S, Geological Sarvey, Denver, Colo,) 

The rare earth metals comprise the 15 elements having atomic Kos. 
57 to 71, including lanthanum (La) , cerium (Ce), pi"aseodymium 
( P r ) , neodymium (Nd) , promethium ( P m ) , samarium (Sm), euro­
pium (Eu) , gadolinium (Gd), terbium (Tb) , dysprosimn (Dy),iiQ| 
mium (Ho) , erbium ( E r ) , thulium (Tm) , ytterbium (Yb) , and lute-
tium (Lu) , One of these, promethium, is not known to occur in 
nature. Yttrium (Y) , with atomic No, 39, is also classed with the 
rare earths because of its chemical similarities and geochemical 
affinities. 

The first seven elements listed above (La through Eu) are included 
in the cerium group of rare earths, so-called because cerium is their 
most abundant member. The remaining eight elements (Gd throurii 
Lu) together with yttrium are called the yttrium group. The two 
groups are also referred to, respectively, as the "light" and "heavy" 
rare earths. The properties of the members of the two groups of rare 
earths are sufficiently distinct to cause one group to predominate over 
the other in most minerals where they occur, even though all or nearly 
all are ordinarily present (Olson and Adams, 1962), 

The rare earths have many industrial applications such as in the 
steel industry, nonferrous alloys, glass manufacture and glass polish­
ing, sparking alloys, and carbon electrodes for arc light and projection 
lamps. Rare earth requirements are, however, relatively small com­
pared to many other metals: domestic consumption in 1958 being only 
about 1,600 short tons of rare earth oxides (Baroch, 1960, p. 687). 
The rare earth industry- is developed almost entirely around the ce­
rium group elements, primarily cerium, lanthanum, praseodymium, 
and neodymium. Although considerable research is being directed 
toward finding uses for yttrium and the heavy rare earth elements the 
current demand for them is small. 

The rare earths are found in a large number of minerals, but only 
a few of these have been found in sufficient concentration to be used as 
ores. The most widely used source mineral is monazite, a rare earth 
phosphate, but deposits of bastnaesite, a rare earth fluorcarbonate, are 
found in New Mexico. Bastnaesite is currently being mined at Moun­
tain Pass, Calif. Both monazite and bastnaesite contain dominantly 
cerium group elements. 

Commercial monazite commonly contains 55 to 60 percent combined 
rare earth oxides and between 3 to 10 percent thorium oxide (KeUy, 
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p. 5), Monazite is not only the principal ore mineral of rare 
j»-. g but the principal one of thorium (see "Thorium" chapter) as 
l » ^ ' Bastnaesite has a slightly higher rare earth content than does 

ominate include 
e oxide of 

* ^*^l^ite, but contains little or no thorium, 
^•^rijierals in which the yttrium group elements predomina 

V' otime, and yttrium phosphate, and euxenite, a multipl 
f ^ j y j n , niobium, and titanium. 

^*The marketing of rare earth ores is difficult as there is no established 
J- ^jjet comparable to that of the more widely used metals, and prices 
''**^ generally determined by negotiation between buyer and seller, 
? w . ^ l ^ information on the economics of rare earths is given in a 
£ ! ^ t publication of the U.S. Bureau of Mines (Kelly, 1962). 
'iRare-earth-bearing minerals have been found at a large number of 
^Jgllities in New Mexico (fig. 49) in several different geologic environ-
^ i t s , including vein deposits, pegmatites, and ancient placers. The 
"^ost important rare earth deposits are in the GaUinas Mountains in 
lmcoln County (No. 18), where bastnaesite occurs in fluorite- and 
flyorite-copper-bearing veins and breccia fUlings, The rare earth 
l-ineral was discovered in 1943 during an investigation of the fluor­
spar potential of the district by the U,S, Bureau of Mines and the 
TLS^ Geological Survey (Glass and Smalley, 1945; Soule, 1946), and 
although the deposits appear to be quite smaU, their rare earth 
potential is not known. 

The deposits in which the bastnaesite occurs are largely confined 
to the Yeso sandstone and appear to be genetically related to younger 
alkalic rocks that are intrusive in the area (Perhac and Heinrich, 
J964), The Icxjation of most of the deposits is shown on the geologic 
map of the area by Kelley (1947), 

In the Grallinas district, bastnaesite occurs as small yeUow crystals 
in vein material that is commonly rich in fluorite but which may con­
tain barite, quartz, calcite, pyrite, copper sulfides, galena, and super-
Tgne minerals such as limonite. Very little thorium is present in the 
jastnaesite, and the radioactivity of the vein material is slight. The 
)est known occurrence is at the Red Cloud mine, where a 1,400-pound 
sample of fluorspar ore from the Red Cloud mine contained 3.2 percent 
total rare earth oxides (Soule, 1946, p. 21), which would represent 
nearly 5 percent bastnaesite. Locally the bastnaesite may be much 
more abundant, and Soule (1946, p. 7) noted that in the Red Cloud 
mine it occurred well beyond the limits of the better grade florspar 
ore. Bastnaesite has been found in most of the fluorite and fluorite-
copper deposits in the GaUinas area (Perhac and Heinrich, 1964, p. 
231). The bastnaesite content of the various dej)osits has not been 
determined, but from modal analyses of high-grade specimens (Per­
hac and Heinrich, 1964, p. 231) it would appear that most of the veins 
contain less than 5 percent. 

During the period 1954-56, approximately 71 tons of bastnaesite 
concentrate were produced, most of which came from the Red Clouii 
(Conqueror No, 9) mine (Griswold, 1959, p, 64). No further produc­
tion of rare earth ores has been reported from the GaUinas district, 
probably because the limited market for bastnaesite is adequately sup­
plied by the very large deposit at Mountain Pass, Calif, 

Rare earths have been found in other vein-type deposits in New 
Mexico, notably those in the Chico Hills, Colfax County (No, 7 ) ; in 
the Capitan Mountains, Lincoln County (No. 19); and in the CabaUo 

41-737-0—6&- -16 
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Mountains, Sierra County (No. 20) where bastnaesite occurs î  
least one radioactive deposit (see "Thorium" chapter). ^̂  

Pegmatite is a type of igneous rock generaUy considered to re i^^, 
the crystallization product of residufd magmatic fluids (see " P ^ ! ^ 
tite" chapter) and as such may contain concentrations of a n^|*^ 
of rare elements whose properties inhibited their entry into t he^^ 
erals of earUer formed rocks. The rare earths are among theee 
ments and appear in pegmatites as the major constituent in a n 
of minerals as weU as a minor constituent of several others, 

Rare earth minerals occur in a large number of granitic ^ _ 
in New Mexico. Most of these deposits.are in north-central 
Mexico, chiefly in the Petaca and Ojo Caliente districts (Nos, 6 a 
in Rio Arriba County (Jahns, 1946; Redmon, 1961) and alon»«'̂ -
east side of the Sangre de Cristo Moimtains (Nos. 13, 14,15, lê  ^ 
17) in the southem part of Mora County and the northem part^ 
San Miguel County (Jahns, 1946; Jahns, 1953; Redmon, 1961), i^^ 
earth-bearing p^matites are also foimd in the Gold Hill area (jj. 
22) in Hidalgo County, and in the White Signal district (No, 21) ^ 
Grant County. 

Monazite is the most abundant rare earth mineral in the pegmafit* 
of north-central New Mexico. I t is commonly in smaU tabular tji, 
to brick-red crystals, and is appreciably radioactive diie to contain^ 
thorium. Individual crystals and masses weighing as much as ij 
pounds have been found in the Petaca district (Northrop, 195J 
p. 359), In addition to monazite, several of the multiple-oxide-tyJ 
rare earth minerals, such as samarskite, fergusonite, euxenite, aoj 
betafite have been reported (Northrop, 1959), Minerals of this grom> 
contain varying amounts of rare earth elements, together with nio. 
bium, tantalum, titanium, iron, thorium, and uranium; are commonH: 
dark brown to black; have a glassy luster; and are highly radioactive '̂ 
Identification of individual species is difficult and commonly require 
X-ray analysis, -^i 

The beryllium-bearing rare earth silicate, gadolinite, has been noted 
by Jahns (1946, p, 285) in pegmatites in the Elk Mountain district 
(No, 14), 

Pegmatites in the Gold HiU area in Hidalgo County (No. 22) aie 
reported to contain the rare-earth-bearing silicate, aUanite, as weB 
as euxenite, samarskite, and cyrtolite, a variety of zircon in which 
the rare earths are important constituents, Euxenite has been found 
also in a pegmatite on the High Noon No, 1 claim in the White Signal 
district (No, 21) in Grant County (Olson and Adams, 1962). 

There has been no significant production of rare earth minerals 
from granitic pegmatites in New Mexico, although some monazite has 
been recovered as a byproduct of mica mining in the Petaca and Elk 
Mountain districts (Jahns, 1946, p, 99; Redmon, 1961, p, 74), 

Alkalic pegmatite dikes along the margin of the nepheline syenite 
laccolith of Wind Mountain in Otero County (No, 24) contain minor 
amounts of rare earths in the zirconium silicate, eudialite (Warner 
and others, 1959, pp, 137-138). Although this occurrence is in itself 
of little economic importance, the alkalic intrusive area of the Cor-
nudas Mountains, of which Wind Mountain is a part, is a favorable 
environment for other rare earth deposits. 

No important modem placer deposits of rare earth minerals have 
been reported in New Mexico, but there are many known occurrences 
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•" . i jnonazite-bearing placers in sandstones of Late Cretaceous 
»?^*northwestem New Mexico (Nos, 1, 2, 3, 4, 8, 9,11,12, and 16), 
li^^ggil placers represent accumulations of heavy minerals along 
^ ches of ancient regressive seas (Chenoweth, 1957, pp, 212-217), 
P^ke modem beach deposits, they are narrow, lenticular sand-
' bodies that follow the trend of the ancient shoreline. Some 

xt however, may be several thousand feet in length and several 
^^ j s of feet in width and contain large tonnages of rock composed 
' 4 ^ f quartz, feldspar, ilmenite, magnetite, leucoxene, zircon, and 
^ i te cemented by ferric iron and carfonate minerals. The rock is 
^^ristically dark in color and shows anomalous radioactivity, 
1̂  due to the thorium in the monazite. The f ossU placer deposits 
been explored chiefly for their titanium potential (Dow and 

'Tfv 1961) and are estimated to contain nearly 5 mUlion tons of rock 
'a' weighted average of 0.10 percent equivalent thorium oxide. 

î^ 

m' 
TIN 

^ C L. Salnrt)ury, U.S, Geological Survey, Denver, Colo,, and R. H. Jahns, 
( " the Pennsylvania State University, University Park, Pa,) 

fin has been used by civilized peoples at least since the late bronze 
ĝ0 (3500-3200 B,C.), and today it remains a strategic commodity of 

J^ich the United States has little. The metal has two modifications: 
ophite" tin of tetragonal symmetry and specific gravity 7.31, and 
"erray" tin of cubic symmetry and specific gravity 5.75 (Lange, 1961). 
^t low temperatures (below 13,2° C.), the white tin changes to gray 
jin which crumbles to a powdery mass. Alloying tin with any other 
jnetal prevents the change from white to gray tin. Toward air, water, 
jnd weak acids and bases, tin is chemically resistant because of the 
formation of a tin oxide coating. This inertness, along with its 
extremely low surface tension in the molten state, which allows it to 
build very thin coatings on other metals, leads to its main use as tin-
plate. Other major uses are as alloys in bearing metal and in solder, 
bronze, and brass. 

Although the United Staites consumes more than 54,000 long tons of 
primary tin metal yearly (1962), it produces only a few tons, most 
of which comes from small tin deposits in Alaska and as a byproduct of 
molybdenum mining in Colorado, Of greater significance is the fact 
that total known U,S, resources of possible economic grade are but 
a small percentage of 1 year's consimiption. Hence, every domestic 
tin deposit is of great interest, although this interest is tempered by 
the fact that tin has been easy to obtain on a worldwide basis, and, 
in fact, has often been in excess supply. The major tin-producing 
countries are Malaya, Indonesia, Bolivia, Republic of the Congo, and 
Nigeria, listed in decreasing importance. 

In New Mexico, three different types of deposits that contain tin 
as a significant metallic constituent occur in well-defined areas, each 
of which includes more than one deposit. In spite of substantial 
exploration, however, no commercially important lode deposits have 
been found, and placer deposits have yielded concentrates equivalent 
to only a few tons of tin meltal. Distribution of tin deposits in New 
Mexico is shown on figure 50, 




